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1.0 INTRODUCTION

This Engineering Report has been prepared by Fluor Daniel GTI, Inc. (Fluor Daniel GTI) to present the
findings of the Geotechnical Exploration Program (GEP). The GEP was implemented to gain
necessary information for construction of the City of Charleston parking garage on a portion of the
Calhoun Park Area Site (CPA Site) in the City of Charleston, South Carolina. Fluor Daniel GTI provided
an on-site geologist to manage drilling activities conducted by R. Simmons Drilling, Inc. and performed
oversite of the geotechnical evaluation performed by SM&E, Inc. The on-site field work was conducted
between August 12 through August 23, 1997.

The purpose of this engineering report is to document the performance of the GEP, to demonstrate that
the GEP was conducted in accordance with the approved Work Plan prepared by Fluor Daniel GTI,
dated June 1997, and present the findings of the geotechnical exploration.

The following sections of this report summarize the background information and the GEP objectives,
document the field work which was performed, and present the geotechnical findings.

1.1 Site Background and Setting

The CPA Site encompasses approximately 18 acres on the eastern side of the Charleston Peninsula
and is bordered to the north by Charlotte Street, to the west by Washington Street, to the south by
Laurens Street, and to the east by Concord Street. The CPA Site is comprised of three main sections:
SCE&G's Charlotte Street electrical substation; Calhoun Park; and the former Ansonborough Homes
public housing complex. The CPA site is bisected by Calhoun Street which separates the northern
portion of the site, comprised of the SCE&G substation and Calhoun Park, from the southern portion of
the site, comprised of the former Ansonborough housing complex. The Cooper River is located
approximately 500 feet east of the CPA Site.

This GEP focused on the Calhoun Park portion of the CPA Site, which is currently owned by the City of
Charleston. Calhoun Park was formerly a public recreational park before it was closed and fenced off
in June 1989. Calhoun Park currently includes a former ballfield and concrete surfaced basketball
court and an abandoned picnic shelter. Prior to use as a park, the Calhoun Park portion of the CPA
Site was used for industrial purposes. In the late 1800's, this area was occupied by the Fernoline
Chemical Company and is located adjacent to a former manufactured gas plant (MGP) which operated
from the 1850'sto the 1950's (Rl Report, Fluor Daniel GTI, 1996).

Current plans for the Calhoun Park portion of the CPA Site include the construction of a parking garage
to support the parking requirements of the South Carolina Aquarium being constructed on the NPS
property and other urban redevelopment projects in the immediate vicinity (FS Report, Fluor Daniel
GTI, 1997). The proposed parking garage will consist of a six-level reinforced concrete structure with a

FlUOR DANIEL GTI
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Engineering Report/ Geotechnical Exploration Program 2
South Carolina Aquarium Parking Garage. Calhoun Park Area Site__________________________October 1997

footprint of 180 feet by 365 feet, and is expected to have capacity of approximately 1,100 automobiles.
The construction of this structure will require adequate subsurface support. Based on preliminary
design information, the column loads for the structure are expected to be in the range of 500 to 1,200
kips. It is anticipated that the elevation of the first garage level will be near present grade.

1.2 Objectives

The purpose of implementing the GEP was to conduct a subsurface investigation to obtain specific
geotechnical information from the Calhoun Park property necessary for the design of the parking
garage. This geotechnical information was collected during the installation of six (6) borings to a total
depth of approximately 77 to 97 feet which were terminated within the Cooper Marl. The specific
objectives of this exploration program included:

• The determination of site subsurface conditions and their relationship to load bearing
capacity requirements;

• Evaluation of site conditions relative to site preparation; and

• The evaluation of potential foundation design constraints which could potentially effect
the construction of the parking garage.

In addition to these geotechnical concerns, the on-site field work was conducted at the CPA Site to
satisfy the following environmental concerns:

• The handling of waste material generated from the field activities as investigation
derived waste (IDW) and its proper management in accordance with the EPA
approved Sampling and Analysis Plan (SAP) (RI/FS Work Plan, Chester, 1993); and

• Completion of intrusive drilling activities during penetration of the upper clay layer and
intermediate clay layer in a manner that would not permit groundwater in the upper
water-bearing units to contact groundwater in the lower water-bearing units.

The remainder of this Engineering Report discusses how the project objectives were fulfilled while
addressing the above environmental concerns.

FlUOR DANIEL GTI
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2.0 FIELD WORK

Fluor Daniel GT) provided an on-site geologist to manage drilling activities conducted by R. Simmons
Dolling, Inc. and performed oversite of the geotechnical evaluation performed by SM&E, Inc. The on-
site field work was conducted between August 12 through August 23,1997. Additionally, Mr. Charles
Till, US ERA Region IV, performed oversite during implementation of the project from August 12
through August 15, 1997.

2.1 Health and Safety

All field work was conducted in accordance with the site-specific Health and Safety Plan (HASP)
submitted as part of the RI/FS Work Plan for the CPA Site (RI/FS Work Plan, Chester, 1993). This plan
addressed drilling activities, sampling activities, and waste handling activities. All work was performed
by personnel having OSHA 1910 training. A Fluor Daniel GTI representative was present on-site during
all drilling activities to ensure that the HASP was followed and that appropriate Fluor Daniel GTI health
and safety protocols were implemented. Copies of the Daily Tailgate Meeting Logs are presented in
Appendix A.

2.2 Field Drilling and Sampling Activities

Sub-surface conditions, examined during implementation of the GEP, were explored by drilling seven

1 (7) geotechnical exploration test borings (GT-1 through GT-6, and GT-1 A) within the footprint of the
proposed parking garage structure. Approximate locations of the borings completed at the site are
shown on Figure 1 (Boring Location Plan). Boring GT-1 was terminated at 12 feet below ground

( surface (bgs) due to obstructions. However, the other six (6) borings were drilled to depths ranging
from 77 to 97 feet, assuring adequate penetration into the Cooper Formation (locally known as "the
marl"). Drilling logs for the borings are presented in Appendix B.

g: Due to suspected constituent impacts in the shallow water-bearing unit, an outer 8-inch surface casing
was installed at each of the six (6) boring locations in the upper clay unit to eliminate the potential for

• . migration of the shallow groundwater to lower water-bearing zones. The casing depth varied from 15
m feet (5 borings) to 19 feet (1 boring). The casings were then grouted and allowed to cure for at least 24

hours. The borings were then advanced further and a 4-inch inner surface casing was telescoped

I through the 8-inch casing. These casings were also installed to isolate groundwater and varied
between 57 and 63 feet in depth. The casings were also grouted and allowed to cure for at least 24
hours before the borings were advanced to their termination depth within the Cooper Formation.

Standard Penetration Tests (ASTM DD-1856) and split spoon samples were obtained continuously in
the upper 8 to 10-feet of the borings (except GT-2 which was continuously sampled to 16-feet) and at
5-foot intervals thereafter. Field logs of the daily drilling procedures are provided in Appendix C.

p:\pfOjecnsceg»;arage^«50.wpd
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2.3 Decontamination Procedures

Appropriate decontamination procedures were followed during drilling activities, as specified in the
Sampling and Analysis Plan (SAP) (RI/FS Work Plan, Chester, 1993). Since no samples were
collected for analyses of chemical constituents, an abbreviated decontamination procedure was
utilized. The following procedures were used for field decontamination of non-dedicated equipment
that came into direct contact with the geotechnical samples.

Gross material was removed from the sampling equipment by brushing and rinsing with tap water.
Sampling equipment was then washed with non-phosphate detergent (Alconox) and potable water and
rinsed with distilled water. The drill rig was decontaminated prior to and after drilling activities.

2.4 Material Handling Procedures

The IDW from the drilling activities was containerized in D.O.T. approved drums. The material
generated was visually inspected and screened for volatile organic compounds (VOCs) using a
photoionization detection (PID) and classified as it was generated. Additionally, the settled mud slurry,
generated during the rotary mud drilling of the deep borings, was inspected and screened in the same
manner. The drums containing IDW were labeled, staged on-site, and covered. Final disposition of
these drums will be finalized upon determination of guidelines related to the currently pending on-site
removal action.

2.5 Site Restoration

After each boring was completed to its total depth, the boring was grouted using a Portland
cement/bentonite slurry mixture. The slurry was pumped to the bottom of the boring via a tremmie pipe
placed to discharge at the base of the boring. The grout was pumped until all drilling fluid were
displaced into the in-place mud pan and the grout returns were observed at the surface. Following
placement of the grout, drilling mud was pumped to D.O.T. drums and the mud pan removed. The
boring casings were cut off below-grade and the locations were marked with stakes for subsequent
surveying.

3.0 GEOTECHNICAL FINDINGS

The subsurface exploration and geotechnical analyses was performed under the direction of Fluor
Daniel GTI by SM&E, Inc. in accordance with the preliminary design criteria for the parking garage and
appropriate ASTM requirements. The geotechnical findings presented in this report are based on the
completion of the soil test borings to depths ranging from 12 to 97-feet bgs.



i
i
i
i
i
i
i

i
i
i
f

i
i
i
i
i
i

Engineering Report/ Geotechnical Exploration Program 5
South Carolina Aouarium Parking Garage. Calhoun Park Area Site__________________________October 1997

The analyses and recommendations .presented in this report are based, in part, upon the data obtained
from the subsurface investigation. The nature and extent of variations between the borings will not
become evident until actual construction activities begin. If variations appear evident, the
recommendations set forth in this report may require re-evaluation.

Since the Charleston area is within a known seismically active region, earthquake loads are an
important part of the design process. Seismic considerations, including the evaluation of a seismic site
coefficient, liquefaction analysis, and liquefaction potential, have been performed for the CPA Site
during the geotechnical exploration. Based on these considerations, the construction of a deep
foundation system bearing in the Cooper Marl is recommended. Additional recommendations and
conclusions are presented in the following section.

3.1 Summary of Recommendations and Conclusions

A brief summary of conclusions and recommendations resulting from the completion of the
geotechnical exploration is presented below.

• The borings encountered a variety of sand and clay soil strata that varied in consistency and
thickness. Four (4) strata are of particular importance were identified and confirmed. These
are:

1) From ground surface, a 6 to 10 feet layer of uncontrolled fill (sand with bricks,
concrete, wood, etc.,) was encountered. The fill characteristics are consistent with
previous investigations conducted in the area of Calhoun Park. At boring location GT-
1, there was also subsurface debris present, which prevented drilling;

2) Beneath the fill, a thick (typically 35 feet) very soft, highly plasticity clay was
encountered. This layer was present at all boring locations and was used to set the
upper casings, since this layer is of lower permeability and retards vertical migration of
groundwater;

3) Below the upper clay, a sand unit was encountered, generally at a depth of 40 to 45
feet bgs. The unit was present at all deep boring locations; and

4) The final stratum encountered was the Cooper Marl, a soft to hard sandy silt which
was encountered at approximately 80 feet below grade. Borings were advanced into
this material at.depths ranging from 77 to 97 feet bgs.

• Based on the soil type S3 encountered during the exploration, a seismic site coefficient (S) of
1.5 is recommended for seismic design. Sand deposits within the fill (upper 6 to 10-feet) and
between 45 and 55 feet at the site may liqirefy during a seismic event.

• A deep foundation system will be required to support the proposed structure. A foundation
system consisting of driven piles (12-inch and 14-inch square prestressed concrete piles and
H-piles) was the only option considered.

pAproject\sceg>garage\YJ50 wpd
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• The first floor slab, if earth supported without ground modification, may settle 6-inches or more
due to the placement of 2-feet of new conventional fill at the site. Options that may be
considered to eliminate this settlement include:

1) Structural tie-in of the slab to the piling;

2) Filling of the site with a lightweight fill (or a combination of lightweight and conventional
fill) to reduce the load induced by the fill; and

s

3) Surcharging of the site using flexible asphalt paving in the first floor area with
anticipation of future repairs to the asphalt surface due to settlement. Alternatively, a
ground modification program could be used to reduce post construction settlement.

A detailed presentation of this summary, which is inclusive of seismic considerations, foundation
requirements, soil data, laboratory testing procedures, and consolidation reports, is presented in the
Report of Geotechnical Exploration, prepared by SM&E, Inc. and is located in Appendix D of this
document.

FLUOR DANIEL GTI
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|: _^£>first aid, safety, and r.== locssaa ^0 leather ciaves for protection

G sharp object, rebar. and scrap meal K-JUI.^ Q effects a' the night before
£5^afety b everyone's resocnsibi£y G vibraficn related injuries

J3"t5tex gloves hner/nMe sbves o^ter J& fire extincuisher locations
IG exsavationrtrenehing inspecSarts/dacumentation G eye wash station locaij=."s

G tuB face respirators wiSi prcpef aaraicges ^-STdecariafiTiralJan procedures
G upgrade to level c at FID/PID ( _ eV)> __ ppm ^

_ D work stoppage at FIDPID( _ eV) > _ ppm. % L=L > 1 0%

DiscassJon/Comments/roIIow-up Actions:«w \ '

'

^Pb<,

G aaiiy work sccpe
G emergency protocol
G parking and laycown
G hat wcrx permits
G srains and sprains

G noise haarcs
G na horseplay

JZtxti. and cold stress
G backing up hszarcs

G accidents are cosily
G c'ust and vapor control
G refueiing procedures

G ccnfined space entry
G flying debris haarcs

1
ft NAME SIGNATURE / COMPANY
1 'gbttM) &Y s^^-r^ /=zMxJd*te£4r3:-. /y,te Jttot/rtfiv 'sfc&jj.
\ fjr.'t £.«<& 'f~j*<^

/^ftie OfliA^ JVL££{î
i
i
i lnii-uciioni:

i Concur: 3 caiiy vale^r .71— un; ;.-.=.• :: sejinrunc eaa.i cay's sne ar.r
• • Camoieie form by ̂ eucr.; ir iseofc '.caica anoVor ri=iro».

. • Cfjin sj;naiure» Jrarr. aj; G71 »=r and GT1 »uoconL-a=:ori.
• • roller—us on any noiec :KTU a.-c soc-jmere re»oiuuon of any arjon

1

<*-fc3Z*~/ /f.5. L
^ ^ ^.5.£
?j>r /2?,5.x3

^rtirs

nem«.

1
>
I
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TAILGATE MEETING FORM
Project Name: Date:

Project Number 0(6<3% ®79O

Check the Topics/Information Reviewed:

r"s3fety glasses, hard hat, safer/ iocs
G site safety plan review and kvrf-yi
G equbmer,t and machinery farncaristicn
G employee 3igh{-7o-Know/USwS location
G open phs, excavations, and sie hazards
G vehicle safety and driving/road conditions
G portable tool safety and awareness
G overhead utility locations and cearance
G firs* aid, safety, and ?.== bv-?J-*\
Q sharp object, rebar, and scrap meal hazards

^xCjsafety "B everyone's resporsisSy
JZ34siex gloves mner/nsrile gloves outer
D excavation/trenching irispectisns/documeniation
G fuH face respirators w£h sr=per canhc;es
G upgrade to level c at F1D/P1D ( _ eV } > __ ppm
C work stoppage at FID/P!D( _ eV) > __ ppm, % LEL > 1 0%

U sTips. tnrs, and fans
G cirecs=.is 'a hsssiia)
G ariccsted visisrs
G eiecr:=al ground iautt
G public sa/ety and fencas
G nrravaar swir^ and leading
G orceny s;le and housekeeping
G srroicn; in designated areas
D leather gloves for prcteciian
G effecis of the night before
G vibraSan related injuries
G fire extinguisher locations

G eye wash station bcaticrs
G decantaminaii=n procedures

1_: sa«y vorx scope
G e^ier;snry prciocsl
G ^srtanj and taycawn
G hot wcrx permte
G srair^ and sprains

Gneise hasrcs
G no hsrsesiay

,^nlal and cold stress
G taoicing up haaras

G acsaents are ccsity
Q dust and vapor control
G refueling procedures

G ccnfined space entry
G frying debris hsarcs

Discussion/Comments/rolIow-up Actions:i>
^n

i
i

i

NAME SIGNATURE COMPANY

Ins^Tjcions:

• Condu= 3 eaiiy safery meain; snsr a 3e?inninc ea=n cay's snt ar.ivitiea
« Camoiete !orm by cneaon; sft iseifc '.coics and/or Rsrarci.
• OS'Jin sj;raturei Iron; all 3~ s^r; anc GT1 sur>:ore.-a=or».
• roIlo^-uD on any nole* SKTU a.-« ooc-jmem tMOluuon of any ar.ion nemm.
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TAILGATE MEETING FORM
Project Name: Ofi?-' Date:

project Number Presented by:_

Check the Topics/Infonr.stion Reviewed:

safetyglasses, hard hst. safety bocs
G site safety plan review and locsaan
G equipment and machinery famSarzsticn
D employee Right-7o-Know/MS2S taesiion
n open pits, excavations, and s2e hszarcs
Q vehicle safety and driving/read esrxflions
G portable tool safety and awareness
D overhead utility locations and clearance
D first aid, safety, and P?= Incatim
D sharp object, rebar. and scrap meal hazarcs

ety 'B everyone's responsaSSy
gloves inner/nitrile gloves «*»r

D cKavatJon/lrenching tnspecSorts/docamertalion
O fuQ face respirators with prcper arsic'ges
D upgrade to level e at F1D/PID (_ eV) >__ ppm
D work stoppage at FID/?1D(_ eV) >_ ppm, % L£l >

C' sfss. trips, and falls
G drecii-s ts hsspiiaJ

D electical grs^rJ Jaufi
D pvcfc safety and fences
G excavaar swing and leading
G a'derry s5e and housekeeping

ttstenS in designated areas
O leatfief gioves for protection
G effeci of the night before
G vbrsSsn re—led injuries
G fire extinguisher locations

G eye wash statisn lccsi--s
G deccnaminsasa procedures

U cs»y wsrx sccpe
G e-T.erjenr/ prciocal
•3' ?"•'»•"; and Saycown
G r~t vrcnc permits
G s^ai-J and sprains

Q re hcrsepiay
G hsst and cold stress

; bacjdng up h^
G a==2'ens are ccstty
G (iust and vapor control
G refutSng procedures

; ccnftned spa=s entry
; ftying debris hsarcs

10%

Discussion/Comments/FoDow-up Actions:.

NAME SIGNATUR^ COMPANY

Conouc: a caiiy safety mes'-m; v^: \: Decinrung tacn ca/s w.r ac'.ivmea
Complete form Sy enendn; c" saeirf:: icaics anoVor r^rarci.
Cbiain sicnature* Iron-. aD G~ i^r anc G71 iuDCorc-a=on.
rollo»v-us on any noie£ aerru IT; cocumenl reaoli^ion of any arjon nemt.
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TAILGATE MEETING FORM
Projec: Ni

Project Number S - o 7«? c) Presented by:

Topics/Information Reviewed:

^safety glasses, hard hat, safety iocs
G site safery plan review and IrcTiron
G ec'jprnert and machinery feniarzstian
G employee Right-To-Kncw/MSDS bcation
G open pits, excavations, and sit hsrarcs
D vehicie safety and driving/read csndSans
G portable tad safety ani awareres
G overhead utility locations and Clearance
Q first aid, safery. and ?.== i«-=fe>i
G sharp object, rebar, and scrap meal hazards
G safety 'a everyone's responsibiicy

^Qlstex gloves inner/ncnJe cloves o£sf
G o— Jvation/trenching irspecticRS/cccumentation
G fufl face respirators w£h proper caraidces
G upgnde to level c at rID/?ID ( _ e V ) > __ pprn
D work stoppage at FID/?ID( _ eV) > __ ppm, % L=L >

;_• sTips. rips, and falls

G arccipsted visisrs
G elect-leal grou-J fault
G pubic safely and fences
G exca '̂aiar swine, and leading
D orceriy s2e and housekeeping
G smaidng in designated areas
G leather cloves fa- protection
Q effects of the night before
G vibrstsn related injuries

_&fire ecinc-jisher locations
G eye wash station bcsiicns

G deesrsarnirsrtisn procedures

LJ emerj-r.r/ prctoccJ
G paridr.; and laycovvn
U not wcrk permits
G srair.s and sprains

G no hc.-sepiay
Defeat and cold stress

G iacxiig up haarcs
Q acdaents are ccstry
G dust and vapor control
D refueing procedures

G confined space erary
G ftyin; debris hoards

10%

Discussion/Comments/FoBow-up Actions:,

NAME COMPANY

Q.S. £>.<«, T.

• Canoue: 3 caily ulery .Titsun; its: :s aejinrunc eacn a/s sr.e ac'.rvmri
• Comoieie form by inebu.1; c" ixz:te iooics ane/or risirni.

r""~'~ u;nature» Irorr. all GT »=r and GTl »uoconL-3=:orm.
UE on any noiee semi a.nc socumen; recoiuuon of any arjon r.emt
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TAILGATE MEETING FORM
Project Name: Date: 0
Project Number OlGa3> Presented by:

.

-~ -}rt/V

Check the 7opics/Infor7r«tion Reviewed:

Tssfety jasses. hard hat, safe? iocs
' G site safety plan review and Ixsson
G equipment and machinery fenEartstian
G employee Richt-7o-Knew/MSDS location
G open pits, excavations, and see hcarcs
G vehicle safety and driving/read csndbons
G portable tod safety and awareness
G overhead utility locations and eearance
Q first aidL safety, and ??= bcatan
G shjrp object, rebar. and scrap meal hazards

G sips. ~is, and fefls

lstex gbves jnner/nitrile gioves ™*°f
Q excavation/trenching inspecSors/eacjmentation
G fuH face respiratars with prsper circicges
G upgrade to level c at F1D/P1D (_ eV) >_ pnm
C work stoppage at F!D/?ID{_ eV) >_ ppm, % \ =' >

G

G eiecrica.' grcurJ fauS
G pubic sa/e-7 arid fences
G excavaiar rwjig and leading
G orderly sis and housekeeping
G srrcidn; in dislgnaled areas
G leather cbves for protection
Q effects of the night before
G vibration realed injuries
G fire ex£nc>j:sher locations

G eye wash s^osn bcstbrs
G dec=r£ambsii=n procedures

L; tT.ergenry prciocsl
C' psridnj and laycawn
D hst went permits
G srahs and sprains

Ljrcse :
G nchjrsep^y

-5Tiea! and cold svess
G tacidng up haarcs

G accidents are ccsfy
G eust and vapor canirol
G refueiins procedures

G ccnfmed space entry
G ftyin; debris hsarcs

DiscussJonyComnjents/FoDow-up Actions:.

~s NAME SIGNATURE / COMPANY

i
f
i

i
i

Conouc: 3 caiiy laleiy mrrj-i; ^-a; \z bejinninc eacn ca/s me ,
Como'eic !orm Sy iiebcn; s" isec.-fc toaica and/of hszarci.
Cbam »Jf nature* Itorr. all ": »=" anc GTI vjocorzn—on.
Pollow-uo on any noiec ;KTu arc soc-jmen! remolubon of any arjon nemi.
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TAILGATE MEETING FORM
Project Name:

Project Number d/go "3> o 79.C)

Date:

Presented by:.

Check the Topics/Information Reviewed:

J^-safety glasses, hard hst, safety iocs
G site safety plan review and locsbn
G equipment and machinery famcariiDon
G employee Right-To-Know/MS35 location
G open pits, excavations, and see hsarcs
G vehicle safety and driving/read conditions
G portable tool safety and awareness
D overhead utility locations and oea.-a.Tce
G first aid, safety, and ??= loratian
G sharpjsbject, rebar. and scrap meal hazards

,̂ -S'sifehj is everyone's responsibffiy
J^Ustex gloves inner/nitnle gloves ouler
G excavation/trenching inspecSons/cacjrnentation C
G fuO fag* respirators with proper araidges
Q upgrade to level c at RD/PID (_ eV)>__ ppm
D work stoppage at F1D/P1D(_ eV) >_ ppm, % LHL > 10%

is, ani ̂ lls
D cirecSsrs lc RKpiia

D puiuc 53:2̂  a,id fences
D excava^r sw>^ and leading
Q orcerty sis and housekeeping
G srxxn; e, designated areas
Q leather psves for proteciicn
G effects of tne night before
G vibrsti=n rezted injuries
Q fire ex£ng-j:s.ier tocations

eye wash station i?.:,jlj,..
vyi procedures

fj work scope
U; e—ercer.r/ prciocsl
D parkin; and layaown
D he: work perrnfts
G srains and sprains

D no hcrsepiay
-&«ea! and cold stress

G hacking up h£2r=s
D acider.ts are ccsfy
G d-jst arc vapor control
G refueun; procedures

G ccnfined space eniry
n; debris hsrarcs

Discussion/Comrnents/roDow-up Actions:

- ?

i

I

i
i

NAME SIGNATURE COMPANY

i .

i

• Conouc: a caiiy salery .-ne-an; S.TS.- \- oe?inmnc eac.i cay's wr ar.iviiies
• Comoieie lorm ay cnciiiin{ sJ! saec.-fic looica and/or hszaroi.
• Oo-jm signature* frorr. all GTi »=r and GT1 suDcorttrac:or».
• rollov>-uD on any noiec r.emi a.-s oocumeni remoiuiion of any aruon nemi.
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TAILGATE MEETING FORM
Project Name: DSte:

Project Number: t>)OQ 3 O~?9jf _ Presented by:.

Check the i opics/lnfo—.stion Reviewed:

"tfsafery classes, hard hat, ssfey bocs
G site safety pin review and x-r-'- î
G equipment and machinery fs.T.ia.'tjacn
D employee Rigni-To^K.-.cw/I.'.SZS bcsiion
G open pits, excavations, and si- ha-cs
G vehide safety and cnvir.c/'nas csncSons
G portable tool safety and awa-tness
D overhead uliBy locaticrs ani Clearance
G first aid, safety, and ?.== inr-^-i
D sj3Wp~obiect, rebar, and scrap meal hazards

^^sjfety is everyone's respcnscSy
•^jbtexgloves'mner/nirii* glovts~-~-
D excavation/lrenching inspecccrs/dscumeniatjon C
Q fuH face respirators with proper carricges
D upgrade to level e at F1D/P10 (_ eV)>__ ppm
D work stoppage at FlDy?ID{_ eV) >__ ppm. % LEI > 10%

!_• sS?s. ris, and
G dire=:=.Ts to h=spital
G anti~7oied visits
D elecrical grouvi ^uS
G public safety and fences
D excavaar swing and leasing
G oreerry s3e and housekeeping
G sjnoic.-̂  in designated areas
D leather cioves for proteciion
G eflecis of the night before
G viaraticn related injuries
G fire extinguisher locations

eye wash station locations
G decorai-ninaicn procedures

U iaiiy work sccpe
G t-T.erjancy prcioco)
G pa.Tcr.; and laycown
D te worx perm2s
G srahs and sprains

U nc h=.-sepiay
^&ssrand cold stress

G taadng up hsaras
G ac~dents are ccsfy
G c^s; and vapor control
G refueling procedures

G confined space entry
l_l ftvin; debris hcarcs

Discuss5on/Commentsy?onow-up Actions:,

NAME

Ins;ru=-Joni:

• Conouc: 3 caiiy iilerv rnssi-
Comoietc isrm By c.ie;n;n; :.•

ai;naiures !rorr. all G~
any noiK r.err4

COMPANY

"C-' a ae;inninc tail cay's snc ar.i

s=" anc G7I :
!^s coc-men; moiurjon of anv ;rjon nemt.
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FLUOR DANIEL OT1

Drilling Log
GT-01

Project
Location
Surface
Top of C
Screen:
Casing: [
Fill Mate
Drai Co.
Driller w

Checked

<!>„
O

- 0 -

- 2 -

4

-

- ID

- 12

- 14 -

- 16 -

- 18 -

-20-

-22 -

-24-

Geotechnicst Borings
Calhoun Park

Elev. Tr
] Wf

IP

tal Ho
ter Le
nath _

Owne,r Cii v of Charleston. SC See Site Mep-' ———————————————————— For Boring Location
Prni Nr, 010030790-02

IP nppth 12 ft. niflfiiotpr 12 in. rrwu-uT'--
VP! Initial 4 ft. stpiir.

lia Ipngth TVPP Sched. 40 PVC
rial
R. Simmons OrilSnci MPthod Mud R<

Rig/Core
itary

Armstrong I r>g Ry F~ Fox
Ry C. Mncjerd \ ;rpn«P

Well •
Completion

^ h "v ̂  "v
< v < v t

r- •* r- A

% •*% i<

^ V ̂  V *
K ^ f. i

J V *J
<. y < v <

r- -1 r- -1
' \ ^ 1 ̂

,% ̂  "v
< v < v <

r- J r •*
< v>< v *<

'AYA
r- •* r- i

< v V< v W<

' v v. v *
/ h "I h ^

2|

S
am

pl
e 

ID

B
lo

w
 C

ou
nt

/

X 
R

ec
ov

er
y

, ||

SB
3 J

is fJ

4 5!

-I
'rl
»!SB• ;i|

I3 U

No

G
ra

ph
ic

Lo
a

|

;:;

I

Da

ep-rcw

P 08/13/97 Permit *

<n
(D
O
CO
a
CO

Description
(Color, Texture. Structure)

Trace < m, little OX to 201, Sane 20X lo 35X, And 35X to BOX

Moderate yellowish brown, medium dense, fine to medium
SAND, some silt, moist.

Very dark gray, medium dense, silty, fine SAND some
organic debris, moist.

7
Olive brown, medium dense, silty, fine SAND, saturated.
BRICK and WOOD fragments (FILL).

Wood fragments.
BRICK and CONCRETE fragments (FILL), pinesol like odor.

WOOD fragments (FILL).

WOOD fragments and CLAY (FILL).

Boring terminated and abandoned at 12 feet.

10/02/1997 Ilthmco-ian95 Page: 1 of 1
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FLUOR DANIEL OTI

Project Geotechncsl Borings
Location Calhoun Park
Surface Bev. ____
Top of Casing _____
Screen: Oia _____

Drilling Log

Owner City of Charleston. South Carolina
____________ Proj. No. 010030790-02

GT-01A

Total Hole Depth 82 ft.
Water Level Initial 4 ft-
Length _________

Diameter !Z in. to 4 in.
Static ________

Casing: Dia Bin, and 4 in.\ pngth ?5 ft. and 58 ft. Schedule 40 PVC
Rig/Core GP-1000Fill Material ________________

Drill Co. ft Simmons DrilSng Method Mud Rotary_______________
Driller M Armstrong Log By E. Fox______ Date 08/20/97 permit #
Checked By C. Ningerd_________ License No. _______________

See Site Map
For Boring Location

COMMENTS:

Well
Completion 2

S
am

pl
e C
ou

n
B

lo

ec
ov

er
y

CO

Description
(Color, Texture. Structure)

Trace < DX. Utlie OX to 20X, Sone 2QX to 35X, And 35X to 50X

--2-

- 0 -

- 6 -

- 8 -

12-

14 -

16-

18-

20-

-22 -

-24-

v ' v
K -^ f. J

v v t v v

rv

<K^<.

, v

v v
i*

*"' r

b h
*

r- r-v v vv

Moderate yellowish brown, loose, fine to medium SAND, some
silt, trace gravel, moist.

io

1i• Brownish black, wood fragments, moist.

A, Light olive gray, loose, fine SAND, damp.
Brownish black, sandy peat, damp to moist.

llAlk-
^ ( Gray, very loose, clayey, fine to coarse SAND and

GRAVEL, saturated, slight pinesol-like odor.
Gray, very soft CLAY, wet.

WH

HH
Dark greenish gray (5GY4/1), very soft CLAY, trace shell
fragments, wet, H2S (rotton egg-like) odor.

10/02/1997 Uthmcp-ianSS Page: 1 of 3



FilWR DANIEL GTI

Drilling Log
GT-01A

Project
Location

Geotechrical Borings
Ca/houn Park

Qwner City of Charleston, South Carolina
____________ proj. No. 010030790-02

o2
a"

-24-
-
-26-

-28-
•

-30-
•
-32-

'
-34-
* *"

-36-

-38-
.

-40-
•

-42-

-44-

-46-
.
-48-

~

-50-
•

S?
-
-54-

-56-

Well
Completion

j f" ^ <j
< v V< v <

1 K -i K -i

V V V V V

< •" "v f" "v

J f" V ^

<f A<i- ̂\J \J vJ
V V

<t' * t* i<

j ^ v/ ̂  v/
V V

% A<r •1<

v ^v v "v v

*r ^r **

* "v v hv v

/ ^ 'v h "v

v r
v v r

v v
s i s i*v \, v r v

< v < v <
v ^J

v f v

v f^^v ^v

*h A<h -^V V ^

< v < v <:
K i K A

^ V V< \< v
v<

h l» ^v v v v v

*h •>% A<
v<v-V
ij h v h v

^ ^ 1- -C
*. J4. i*

V V V
< v <: <:.1 . i

v v
< v < v <

r •* r- •*
. v ̂  v ̂
. .1 .1

< v < v <

'<^Vv\
v r "v ^ 'v
< v < v <

'•J *~ ^ f" "v
< v < v <
^ V ̂  V ^

v f \ h "t
< v < v <:

C

o^o

o - *• 1
» o 1 fa
E " " 2-a o tt CD

ll/ /̂

OK/
s WRfflkx

UK/
V//Y/j//

r|r//9 WRl[y
V/
r/

J^
Or/

10 WR |r//
Ir/
K//
r//\Y / .[//r//

2 y . - - ' . -
ii ^ I i • ' •

2 [All '' ' *
4 H '•' •

" ' • ' • '
1 •
• • ' • '

J \'-''- •7 n • .y.
2 'Si • ' ' • • • '

17 UK.-
II." • • "

I'-' '

r . .'

3 1p//3 4 ii//
7 Jr/

IK/V
K/Y
II ~S 'Si//I//

2 MpjX,
O Ml/y'

4 11

•fl

a
o
w
o
Ul

Description
(Color. Texture. Structure)

Trace < WX, Little CX to 20X, Soie 2QX to 3S, And 35X lo 50X

No shell fragments, some organic debris at 25 feet.

Dark greenish gray (5GY4/1), very loose, fine SAND, some
clay, saturated.

Medium gray, medium dense, fine to medium SAND, some fine
gravel, trace coarse sand.

~\ Dark greenish aray (5GY4/1), medium st i f f , fine SAND and
\ CLAY.

~\ Dark greenish gray (5GY4/1), loose, clayey, fine SAND.
Dark greenish gray (5GY4/I), medium st i f f , CLAY and fine
SAND, some shell fragments.

Dark greenish gray (5GY4/1), soft, silty CLAY, some sand
and shell fragments, slightly plastic, wet.

10/02/1997 Hthmco-ianSS Page: 2 of 3
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FLUOR DANIEL CTI

Drilling Log
GT-01A

Project Geotechnical Borings
Location Ca/houn Park

Owner C/fv of Charleston. South Carolina
____________ proj. No. 010030790-02

£2
Q~

-56-

-58-

'
OA- OU -

.

-62-
-
-64-

-66-
•
-68-
•

70
•
-72-

-74-

-76-

-78-
.

on- ou —
•

po
O<1

-84-

-86-

-88-

Well
Completion
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V V \v v
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v
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V V » ^

Cr- •1<^ •**
^ V v V v

*r •i<h -1*
*. .1* i*

%^ /

< ^ "v •* "v
< v < v <
"* 'v v 'v w

V< v V< v V<
K -i K -^

J V \l* v ;. v v

r ^ h ^^ V V

<N ^N •i<

<\<V/
I/ f" y I* v
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Description
(Color. Texture. Structure)

Trace < IOX. LJllle 01 to 20X, Soie 20S !o 3 El, And 3:X to 50X

Dark greenish gray (5G4/1), very soft, silty CLAY, trace
plant fragments.

No recovery

Dark greenish gray (5G4/1), loose, sflty, fine SAND, trace
shell fragments, saturated.

Moderate olive brown, medium stiff, SILT and fine SAND,
slightly plastic.

'

Boring terminated at 62 feet.
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IIUOR DANIEL CTI

Project ggo/ Technical Borings
Location Ca/houn Perk_____
Surface Elev. ___
Top of Casing __
Screen: Dia ____

Total Hole Depth 97 ft.
Water Level Initial ? ft-
Length

Drilling Log

Owner Citv of Cterlesion. South CaroSna
____________ Froj. No. 010030790-02

' in. to 4 in. ___

GT-02

Diameter
Static
Type/Size

Casing: Dia JOT, and4in.\ Prigth 19 ft. and62 ft. Type Schedule 40PVC
Rig/Core GP-KXX)FBI Material _______________

Drill Co. /?• Simmons DrilSng Method Mud Rotary _______________
DrOler W- Armstrong LOQ gy E. Fox ______ Date 08/12/97 permit #
Checked By C. Hingerd License No.

See Site Hep
For Boring Location

COMMENTS:

—
Well

Compleiion 0.0.
(£>

O
Description

(Color. Texture. Structure)
Trace < EX, lillle D2 to 202. Soie 202 to 33, And 352 to 502

--2-

- 0 -

- 2 -

- 4

- 6 -

- 8 -

- 1 0 -

12-

14 -

16 -

18-

20-

22-

24-

^V
< v <

1 Kr

f- i-
v v v
V

«/ f Av h ^V/ U
.< .<

<vVv v ,

K - f. -

v v vv v

V f V

^ ''.i f- ^
K p.

v v vv v

Moderate yellowish brown and dark olive gray, loose, fine
to medium SAND, some silt and fine gravel, brick fragments,
moist.
Brownish black to dark grayish brown, loose, fine to medium
SAND, some silt, saturated._________________
Wood in shoe.
No Recovery, still getting wood in return water.

1/12"

Dark yellowish brown, very loose, fine SAND, some sat.
Olive black, sandy PEAT.________________
Dark gray, very soft CLAY, some silt.

Shell fragments at 13.5 feet.

1/12"

1/24"

WH
Dark greenish gray (5GY4/1), very soft , fine SAND and
CLAY, some shell fragments, saturated, H2S (rotton
egg-like) odor.

10/02/1997 Ilthmco-jar>35 Pace: 1 of 4



1
1
— 5

FUIOR DANE! CT1 Cj

Project Geof Technical Borings
Location Calhoun Park

Drilling Log

Owner City of Charleston. South CaroSna
pr0j. No. 010030790-02

GT-02
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Description
(Color. Texture. Structure)

Trace < OX, Uitle DX lo 20X, Sone 2QX lo 35X, And 3E: lo BOX

Dark greenish gray (5GY4/1), very soft CLAY, some large
shell fragments, wet, odor.

"
-, Dark greenish gray (56Y4/1), very soft, CLAY, some fine
\ sand, trace shell fragments.

Dark greenish gray (5G4/1), soft, fine SAND and CLAY,
saturated.

Dark greenish gray (5G4/I), very loose, clayey, fine SAND.

Dark greenish gray (564/1), medium dense, clayey, fine
SAND, little clay.

-^ Dark greenish gray (5GY4/1), soft , fine SAND and CLAY.
Dark greenish gray (5GY4/1), soft , SILTY and CLAY, trace
fipo sa^d slinh* ^'ast'^'t" rn^is* nn «<•<.-••
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FLUOR DANIEL GTI

Drilling Log
GT-02

Project Geot Technics! Borings
Location Calhoun Park_____

Owner City of Chsrleston. South Carolina
____________ proj. NO. 010030790-02
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Description
(Color, Texture, Structure)

Trace < OX. Ultle OX lo 2CK, Sone 2QX lo 35X. And 35X lo BOX

Dark greenish gray (5G4/1), stiff, sandy CLAY, wet.
Dark greenish gray (5G4/1), medium dense, clayey, fine to

^ coarse SAND and SHELL FRAGMENTS, saturated.
Dark greenish gray (5G4/1), stiff, silty CLAY, trace sand,
wet.

Dark greenish gray (5G4/1), soft, CLAY and fine SAND,
trace shell fragments, saturated.

Dark greenish gray (5G4/1), loose, fine SAND, some clay.

Moderate olive brown (5Y4/4), fine SAND, some silt, wet.

Moderate olive brown (5Y4/4), medium dense, fine SAND
and SILT, wet.
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FUIOR DANIEL GT1

Drilling Log
GT-02

— Project
Location

Geot Technical Borings
Ca/houn Park

Owner Citv of Carles ton. South CaroSna
Proj. No. OK>0307'90-02
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Description
(Color. Texture. Structure)

Trace < OX. Ullle OX to 20X. Sone 2QX to 35X. And 35X to 50X

Moderate olive brown (5Y4/4), medium dense, fine SAND
and SILT, wet.

Boring terminated at 97 feet.
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lUlOR DANIEL CTI

Drilling Log

Prnjpct Geotechricat Borings
1 ocation Calhoun Park
Surface El
Top of Ca.
Screen: Di
Casing: Dia
Fill Materia
Drill Co. R-

PV

iing

=i

Total Ho
Water Le
Lenath

Owne , City of Charleston, South Carolina $ee S'ts. MeP , .' — ' —————————————————— For Boring Location
Proi Nn 010030790-02

IP nppth 77 ft. niampipr 12 in. to 4 in. rouurNT"-
vel Initial 4 ft. qtaiin

Tvnp/9i7P
S in. and 4 in.\ pnrjth 15 ft. and 62 ft. TVOP Schedule 40 PVC

Simmons DrilSna MPth<vl Mud Re
Rig/Core
tary

nriiipr W. Armstrong \ nn Rv/ E. Fox
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Description
(Color. Texture. Structure)

Trace < »t, Utll° CX to 20S, Sons 202 lo 32. And 352 lo 50C

Dark yellowish orange to moderate yellowish brown, loose,
fine SAND, some medium sand and silt, moist.

Light gray CONCRETE, severely weathered.
7

Dark olive gray, very soft, gravelly CLAY, some sand and
wood fragments, saturated, sheen, odor.

Dark olive gray, very soft, sandy CLAY, some organic plant
matter, saturated, sheen, odor.

Dark greenish gray (5GY4/I), very soft CLAY, trace fine '
sand, wet, no sheen or odor.

Dark greenish gray (5GY4/1), very soft, fine SAND and
CLAY, wet.
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FLUOR DANIEL CT1

Drilling Log
GT-03

Project Geotechrical Springs
Ca/houn Park

Owner City of Charleston, South Carolina
Proj. No. 010030790-02
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Description
(Color. Texture, Structure)

Trace < OX. Ultle M lo 2CX, Sone 20X lo 3SX, And 3SX lo BOX

Dsrk greenish gray (5GY4/1), very soft CLAY, some large
shell fragments, trace sand.

Dark greenish gray (5GY4/1), very soft CLAY, wet.

Dark greenish gray (5GY4/1), very soft, CLAY, trace
organic debries.

Dark greenish gray (5GY4/1), very loose, clayey, fine
SAND, saturated.

Greenish gray (5G6/1), medium dense, clayey, fine SAND.

-, Greenish gray (5G6/1). loose, fine to coarse SAND, some
\ gravel.

n3-t qroor^h ryav (c;r;vd/i) podium s-;<« <ir,o CA^P a^
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FLUORDANKLGTl

Drilling Log
GT-04

Project Geotechnical Borings n^nor Citv of Charleston. South Carolina
Location
Surface
Top of C
Screen:
Casing: C
Fill Mater
Drill Co. .

Ca/houn Park Proi: No. 010030790-02
He
asir
Dia
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ial
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P nppih 97ft. niamptpr /? in. to 4 in.
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igth /5 «. anrf 62 ft. T«np SeAstf. ^O PVC
Rin/r

immons DrilSng MPthnd Mud Rotary
npiipr M. Armstrong
Checked By

o"

-_ 2 -

- 0

- 2 -

- 4 -

- 6 -

- 8 -

- 10

-12-

-14 -

-16-

-18-

-20-

-22-

-24-

C. Uinaerd
Los-, Ry E FOX

1 inpnse No

lore

Oat

CP-1000

P 08/21/97 _ Permit *

Well
Completion

v

<
v

V

•J

V

,
V

\

\ \
V h V h V

< V V
^vV<

v f^v f^v

r A r-A
v v v v v

' V* "v^
« p

v v^v

'**S*S

< ^ < v <

<hvV<^V<

v h Av h ^Av
<ysys
1 hy V ̂  V

^^V^V
< v < v <
v ^v r'v< v < v <
j r ^ ̂  ̂
< v < v <

v< v v< v v<

v

V

V

V

V
V

V

V

if

a - > I
~ § 5 0
0) 0 £ •£ CB

1 « § 5 5
10 O ^ CD
en co >« |

8 n3"

4 2 Ml' '

5 WHlk/

e WH |KX

I

10
o
CJen

See Site Msp
For Boring L ocation

COMMENTS:

Description
(Color, Texture. Structure)

Trace < DX. Uille CS to 20X, Sons ?CS to 352. And 3SX to BOX

Dark yellowish brown, loose, fine SAND and .SILT, moist to
saturated, sheen, odor.

Dark olive brown, loose, fine to coarse GRAVEL, some
coarse sand, tarry, sheen, odor.

Dark olive brown, loose, fine to coarse GRAVEL, some
coarse sand and wood chips, some tar, sheen, odor.

Olive gray, loose, fine to coarse SAND, some fine to medium
~\ gravel, sheen, odor.

Olive gray, medium stiff CLAY

Grayish olive, very soft CLAY

Grayish olive, very soft CLAY

, wet, odor.

, H2S (rotten egg-like) odor.

, some fine sand, odor.
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Project Geotechrical Borings
Location Calhoun Park

Drilling Log

Owner City of Charleston. South CaroSna
proj. NO. 010030790-02
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Description
(Color. Texture, Structure)

Trace < CX. Utlle OX to 20X, Sons 2(K lo 35X. And 35! lo 50X

1

Dark greenish gray (5GY4/1), very soft CLAY, trace roots
and shell fragments, faint hydrocarbon odor.

Greenish gray (5GY6/I), very loose, fine SAND, some clay,
saturated.

Greenish gray (5G6/1), stiff, sandy CLAY.

Greenish gray (566/1), medium dense, fine SAND, some
clay.

Dark greenish gray (5GY4/1), medium cense, fine SAND,
trace clay, odor.

Olive gray, medium dense, fine to coarse SAND, some fine
gravel.
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i FLUOR DANIEL CTI

Project Geotechrical Borings
Location Calhoun Park

Drilling Log

Owner C/f v of Charleston. South Caroline
____________ proj. NO. 010030790-02
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Description
(Color, Texture. Structure)

Trace < DX. Ullle OX lo 2<B. Soie 20X lo 33. And 3£X lo 50X

Dark greenish gray (564/1), soft, silty CLAY, trace sand
and shell fragments, slight plasticity, moist, no odor.

H

Dark greenish gray (564/1), soft, silty CLAY, some shell
fragments.
Dark greenish gray (564/1), very soft, silty, fine SAND,
saturated

Dark greenish gray (564/1), medium dense, clayey SILT,
some fine sand stringers, slight plasticity, moist.

_

Dark greenish gray (564/1). loose, silty. fine SAND, some
shell fragments, trace medium sand, saturated.

Moderate olive brown (5Y4/4), medium st i f f , SILT, some
sand, slight plasticity, wet.
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FLUOR DANIEL CT3

Project Geotechrical Borings
Location Ca/houn Park

Drilling Log

Owner City o( Charleston. South Carolina
•________ proj. No. 010030790-0?

GT-04
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Description
(Color, Texture. Structure)

Trace < OX, Little CJ lo 20X, Sone 2(3 to 35X, And 35: to 5CK

Moderate olive brown (5Y4/4), medium stiff , SILT, some
sand, slight plasticity, wet.

Boring terminated at 97 feet.

-
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ruioR DANIEL en

Drilling Log
GT-05

Projpct Geotechrical Borings
Location Ca/houn Park
Surface El
Top of Ca:
Screen: Di<
Casing: Dia
Fill Materia
Drill Co. &

PV

•ing
Total Ho
Water Le
Lenath

Owne , Citv of Charleston. South Carolina
Proi No 01003O790-OZ

IP rippth 82 ft. DiairiptPr Kin to 4 in.
VP! Initial ? ^f. Static

Tvnp/9r?p
8 in. and 4 in.\ Pngth 15 ft. and 63 ft. TVDP Schedule 40 PVC

I
Simmons DrilSnq Mpth^vi Hud fie

=lig/Core
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nriiipr M. Armstrong i on Bv E. Fox
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£—

ac:
0)^
0

--2-

- 0 -
V
<

- <
•j<

_ 4 - ' <
. <

- 6 - <
^

. <

ft <o '
V

- <

- 1 0 - <

- 12-

-14-

-16-

- 18 -

-20-

-22-

-24-

y C. Mngerd \ irpn?e No. .
Dal

GP-1000
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For Boring Location

COMMENTS:

Description
(Color. Texture. Structure)

Trace < OX. Ultle OX lo 2QX..Sane 2CX to 3 EX, And 35X to 50X

Moderate yellowish brown, loose, silty, fine SAND, some
clay, moist.

X ——————————————————————————————
Olive black, loose, silty, fine to coarse SAND and fine
GRAVEL, saturated, tarry, sheen, odor.

-\ Dark olive gray, loose, fine SAND, trace silt, odor, sheen.
Olive gray, medium dense, silty CLAY, trace fine sand, moist,

A odor.
~\ Dark olive gray, loose, clayey, fine to medium SAND, some
\ brick fragments, saturated, slight sheen, odor.

\ Dark olive gray, medium stiff, sandy CLAY, wet, odor.
Dark olive gray, very soft CLAY, wet, odor.

Olive gray (5Y3/2), very soft CLAY, trace sand and shell
fragments, wet, H2S (rotten egg-like) odor.
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I FLUORDANIB,GTI

Project Geotechricai Borings
Location Calhoun Park

Drilling Log

Owner City of Cterteston. South Carotins
____________ proj. NO. 010030790-02

GT-05
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Description
(Color, Texture. Structure)

Trace < OX. Little IOX to 2QX. Sone 2(3 to 32. And 35: to 5QX

Dark greenish gray (56Y4/1), very soft CLAY, trace shell
fragments, odor.

No shell fragments at 30 feet.

-
Dsrk greenish gray (56Y4/1), very soft CLAY, trace fine
sand and organic material.

A Brownish gray, very soft, sandy CLAY, some organic
\ material.

Dark greenish gray (564/1), very soft, fine SAND and
CLAY, trace roots.

-

__ Dark greenish gray (564/1), medium dense CLAY.
Dsrk greenish gray (564/1), medium stiff, fine SAND and

A CLAY.
Olive gray (5Y4/1), loose, fine SAND, some clay, saturated.

Dsrk greenish gray (564/1), dense, fine to coarse SAND,
some fine gravel, slight oily sheen, oily coating on bottom
0.2 feet of sample, odor.
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FLUOR DANIEL CTI

Drilling Log
GT-05

— Project Geotechrical Borings
Location Calhoun Park

Owner City of Charleston. South Carolina
____________ proj. NO. 010020790-02
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Description
(Color. Texture. Structure)

Trace < OX, lillle OJ !o 205, Sotie 2QX to 33, And 352 to 50X

Dark greenish gray (564/1), medium stiff, silty CLAY, some
shell fragments, slight plasticity, wet, trace staining and
odor from 60 to 61 feet.

Dark greenish gray (564/1), medium stiff, sandy CLAY,
grading to clayey, fine SAND, wet, no odor or staining.

Dark greenish gray (564/1), medium stiff CLAY, some fine
•\ sand.

Dark greenish gray (564/1), loose, fine SAND, some clay,
trace shell fragments, saturated.

Dark greenish gray (564/1), medium dense CLAY and fine
SAND, wet.

Moderate olive brown (5Y4/4), sti f f , sandy SILT, slight
plasticity, wet.

Boring terminated. at 82 feet.
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FLUOR DANIEL CTI O^PuJP'
Projp^t Geotechrical Borings
Location Cathoun Park
Surface El
Top of Ca
Screen: Di
Casing: Die
FDI Materia
Drill Co. A

PV • Ti
sing W,

a Le „

3tal Ho
ater Le
;noth .

Drilling Log
GT-06

Owne r Citv of Charleston. South Carolina ^S/teMep' ——————————————————— For Boring L ocation
Proi Mr, 010030790-02

le Depth 92 ft. DiflmPtPr 12 in. to 4 in. COMMENT"'
vel Initial 2 ft. Stsfir

12 in and 4 in.\ pngth 15 ft. and 57 ft. TVDP Schedule. 40'PVC
1
Simmons Or/ling Mpthnd M/rfflc

Rig/Core
tary

Driller M. Armstrong \ nn RV E. Fox
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Description
(Color, Texture, Structure)

Trace < CX, Ullle OX to 20X, Sane 20X to 35X. And 352 to BOX

Moderate brown to dark yellowish orange, loose, SAND and
•\ SILT, moist.

K Olive black, loose, fine SAND, some silt, moist, coal tar-like
odor, oily coating.
Saturated.

Olive gray, medium dense, silty, fine SAND, some brick
fragments, odor.

Olive gray, loose, fine to coarse SAND and GRAVEL, sheen,
odor.
Gray, medium stiff, CLAY, wet.
No Recovery.

Gray, very sof t CLAY, wet, no odor.

Olive gray, very soft. CLAY, trace sand and organic
material, wet, H2S (rotten egg-like) odor.

Shelby tube pushed from 18 to 20 feet.
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Project Geotechrical Borings
Location Calhoun Park_______

Drilling Log

Owner City of Cherleston. South Carolina
____________ Proj. No. 010030790-02
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Description
(Color. Texture. Structure)

Trace < DX. Utlle K)X to 20X, Sone 20X !o 3£X. And 3£: to 50X

Dark greenish gray (5GY4/1), very soft CLAY, trace sand
and organic material, wet, odor.

Greenish gray (5GY6/1), medium dense, clayey, fine SAND,
saturated

Greenish gray (5GY6/1), medium dense, fine SAND grading
to fine to coarse SAND, saturated.

Dark greenish gray (5GY4/1), dense, fine to coarse SAND,
some gravel.

Dark greenish gray (5GY4/I), very loose, clayey, fine
SAND, some shell fragments, wet.

Dark greenish gray (5GY4/1), sof t CLAY, trace fine sand,
slight plasticity, wet.

10/02/1997 Mhmco-jan95 Pace: 2 of 4



FLJOR DANIEL GT1

Drilling Log
GT-06

Project Geotechrical Borings
I nation Calhoun Park

Owner City of Cterteston. South CaroSna
Proj. No. 010030790-02
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Description
(Color. Texture. Structure)

Trace < (OX, LJItle OX lo 20X, Sone 2CK to 33, And 35! !o 5CK

Dark greenish gray (564/1), loose, clayey, fine SAND,
trace shell fragments, little rooted, saturated

Dark greenish gray (564/1), medium stiff, sandy CLAY.

Dark greenish gray (564/1), loose, fine SAND, some clay.

Moderate olive brown (5Y4/4), medium dense, silty, fine
SAND, wet.

Dark greenish gray (564/1), loose, fine SAND, some clay,
•x trace shell fragments.

Dark greenish gray (564/1), medium stiff, silty CLAY, trace
fine sand

Moderate olive brown (5Y4/4), stiff, sandy SILT, slight
plasticity.
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Drilling Log
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Project Geotechnical Borings
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Owner City of Charleston. South Carolina
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Descript ion
(Color. Texture. Structure)

Tiace < IOX, Ullle DX io 20X. Sone JCS lo 35X, And 35X lo 50X

Boring terminated at 92 feet.

-
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EXECUTIVE SUMMARY

A subsurface exploration was performed in order to determine various geotechnical

parameters for use in the design of the proposed Aquarium Parking Garage in

Charleston, South Carolina. Our conclusions and recommendations can be summarized

below:

1. Subsurface conditions at the site were explored by drilling seven soil test borings
to depths of 10 to 97 ft below existing grade. Due to on-site contamination from
previous industrial facilities on and around the site, extensive casing and soi!
containerization was required.

2. The borings encountered a variety of sand and clay soil strata that varied in
consistency and thickness. Three strata are of particular importance; 1) 6 to 10 ft
of uncontrolled fill (sand with bricks, concrete, wood, etc.) near the surface, 2) a
thick (typically 35-ft) very soft, highly plastic clay beneath the fill, and 3) the
Cooper Mart, a soft to hard sandy silt that was encountered at about 80 ft below
grade.

3. We recommend a seismic site coefficient (S) of 1.5 for seismic design, based on
soil type S3. Sand deposits within the fill (upper 6 to 10 ft) and between 45 and
55 ft at the site may liquefy during a seismic event.

4. A deep foundation system will be required to support the proposed structure. A
foundation system consisting of driven piles (12-in. and 14-in. square prestressed
concrete piles and steel H-piles) was the only option considered. We believe that
auger cast piles and/or drilled caissons are probably prohibitive due to
contaminants in the soil.

5. The first floor slab, if earth supported without ground modification, may settle 6 in
or more due to the placement of 2 ft of new conventional fill at the site. One
option to eliminate this settlement is to structurally tie the slab into the piles.

'Another option is to fill the site with lightweight fill or a combination of lightweight
and conventional fill to reduce the load induced by the fill. A third option is to
surcharge the site. Flexible asphalt paving could be used within the first floor
area although periodic maintenance would eventually be required to repair
settlement related problems. Alternatively, a ground modification program
(surcharging with/without the use of lightweight fill) could be used to reduce pest
construction settlement.
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1.0 PROJECT INFORMATION

I I
z . We understand the proposed parking garage will be a six-level, reinforced concrete

= * structure with a footprint of 180 ft x 365 ft. Based on Walker Parking Consultant's fax to

I" Sandy Logan dated April 29, 1997, we anticipate column loads for the structure will be

? in the range of 500 to 1200 kips. We understand that the desired elevation of the first

|- garage level will be near present grades, but as subsequently explained, we have

assumed that up to 2 ft of controlled fill will be required underneath "the first floor slab.

— I As a result of its industrial past, the site has been classified as contaminated.

• ' Specifically, the upper aquifer and soils contain hazardous and potentially hazardous

I' levels of chemicals of concern. As explained subsequently, the contamination required

special drilling procedures. Also, in consideration of the cost of disposing of any of the

mi ' soils from the site, we have assumed that any construction activity involving excavation

* ' will be prohibitively expensive. Therefore, our subsequent geotechnical evaluation has

|j| " not considered construction techniques such as undercutting, drilled shafts, auger cast

- ' piles, etc.
^3 .
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2.0 EXPLORATION PROCEDURES

2.1 FIELD DRILLING AND TESTING

Subsurface conditions at the site were explored by drilling seven soil test borings

(designated GT-1 through GT-6, and GT-1A) within the footprint of the structure. The

approximate boring locations are shown on the Boring Location Plan (Fig. A-1) enclosed

in the Appendix. Boring GT-1 was terminated at 10 ft due to obstructions. The other six

borings were drilled to a depths of 77 to 97 ft. The boring locations were established in

the field by pacing distances and estimating right angles from existing site features, and
should therefore be considered approximate. Standard Penetration Tests (ASTM D-

1586) and split-spoon samples were generally obtained continuously in the upper 8 to

10 ft of the borings (except GT-2 which was continuously sampled to 16 ft) and at 5-ft

intervals thereafter.

I Due to the on site contamination in the upper soils, extensive casing was required to

reduce the chance of the contaminants migrating to deeper soil strata. In general, the

M - borings were drilled to depth of 15 ft. An 8 in. casing was then set to a depth of

• • approximately 20 ft and grouted. This grout had to cure for at least 24 hours before

£ drilling within the boring could continue. The borings were then advanced to a depth of

™ approximately 60 ft and a 4 in. casing was "telescoped" through the 8 in casing. Again,

m the 4-in. casing was grouted and allowed to cure for at least 24 hours before the borings

were advanced to their termination depths. A more detailed description of our field
ft testing procedures, as well as the Boring Logs, are included in the Appendix of this

report.
.v

2.2 LABORATORY TESTING

I
In order to evaluate the liquefaction potential of sands three grainsize analyses were

performed on select samples. Consolidation properties of ciay stratas were evaluated



I
I: through one consolidation test, eleven moisture content tests, and three Atterberg Limits

tests. These test results are provided in the Soil Data Summary, the consolidation test

• report, and on individual boring logs included in :.ne Appendix of this report.

I
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3.0 SITE AND SUBSURFACE CONDITIONS

IIi . 3.1 SITE CONDITIONS

The site is located on the eastern side or" peninsular Charleston within the southern half
of the property bounded to the north by Charlotte Street, to the west by Washington

Street, to the south by Calhoun Street, and to the east by Concord Street. Most of the
relatively level site was previously occupied (in the late 1800's) by a wood treating plant

which used creosote during it's manufacturing process1. A former manufactured gas

plant was also located adjacent to the site between the 1850's and 195p's. The site is

presently closed and fenced off (June 19-39), but includes a former baseball field,

basketball court, and picnic shelter. The site is located approximately 500 ft to the west
of the Cooper River and contains numerous ground water monitoring wells.

3.2 SUBSURFACE CONDITIONS
£? •;

Details of the subsurface conditions encountered by the soil test borings are shown on

the Boring Logs in the Appendix. A subsurface profile of these conditions is illustrated

on Figure A-2, which can be found in the Appendix. The logs and profile represent our

interpretation of the subsurface conditions based upon visual examination of the split-
spoon samples. Stratification lines on the Boring Logs and profiles represent
approximate boundaries between soil types; however, the actual transition may be

gradual.

1 Ri Reoon. Fluor Daniel GTI. 1995
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! he general subsurface conditions and iheir pertinent characteristics are discussed in

the foilowina oaracraohs.

1. Fill (sand, gravel, brick, concrete, wood): Very loose to medium cense, or soft
to firm fill material was encountered in all seven soil test bcrir.cs to a depth of
about 6 to 10 ft. The fines content throughout the fill varied greatly. The
Standard Penetration Test (SPT) N-vaiues ranged from 2/1S" to 50/5" and were
obviously effected by debris (brick fragments, etc.). A moderate to strong
organic (and chemical) odor was detected within much of the fill.

2. Clav (CI-H: This very soft to stiff, highly plastic soil was encountered between
depths of approximately 8 to 45 ft below existing grade. SPT N-values of these
clays ranged from less than 1 (wor-weight of drilling rods) to 2. The water
content within this zone ranged from 73% to 126 %, but was generally about
25%. The arain-size analysis run on one sample indicates a fines content of
94%.

3. Clavev Sand (SO and/or Siltv Sand (SM): This 5 to 15 ft thick, very loose to
medium dense, clean to clayey and/or silty sand, was encountered at depths
ranging from about 40 to 60 ft. In several borings, this sand strata contained
zones which were very clayey. SPT N-values ranged from 3 to 20. Three
moisture content determination tests were conducted on samples from this zone
and indicated a water content of 29 to 33 percent. Fines contents of two samples
were 18 and 19 percent.

4. Clav (CH/MH): Between approximately 55 and 70 ft, the borings generally
encountered a soft to stiff, slightly sandy to sandy, highly plastic clay. SPT N-
values ranged from 3 to 15. The moisture content ranged from 49 to 65 percent.
Two Atterberg limits tests were run on samples from within this strata, which
resulted in liquid limits of 86 and 104 and plasticity indices of 57 and 65.
respectively.

5. Very Sandy Clay/Very Clavev Sand (SC/CH): Between approximately 70 ft
and the top of the Cooper Group (Cooper Marl), the borings generally
encountered soft to stiff (3 to 9). very sandy clay or very loose to medium dense
(4 to 17), very clayey/silty sand. Laboratory testing was not performed on any
samples taken from this zone.

6. Coooer Group (Cooper Marl) - Sandv Silt (MHVSiltv Sand (SiVM: This olive,
calcareous, soft to hard sandy silt material and/or loose to medium cense silty
sane, which is locally referred to as Cooper Marl, was encountered in the six

• borings at a depth of 76 to 54 ft below existing grade. All deep borings were
terminated within the marl a: depths of 77 to 97 ft. The SPT N-vaiues ranged
from 4 to 35. The total thickness of this soil stratum is ceneraiiv in excess of 100



I
• ft. The Cocc-er rnari is the thick '"~~se~e~i" strata of the area in -.vnich most deep
™ foundations bear.

I Groundwater levels were measured at :~e tirre of drilling and varied from 1:-: ft to 4 ft

^ below existing grade. However, crourv-'-.vaier levels will fluctuate with seasonal and

• climactic variations, tidal fluctuations, and construction activity in the area.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

The analyses and recommendations s:Jbmi::ed herein are based, in part, upon data

obtained from the subsurface exploration. The nature and extent of variations between

the borings will not become evident until construction. If variations appear evident, then

we will re-evaluate the recommendations of this report. In the event that any changes in

the nature, design, or location of the building are planned, the conclusions and

recommendations contained in this, report shall not be considered valid unless the

changes are reviewed and conclusions modified or verified in writing. We strongly

recommend that S&ME be retained to review the final design plans and specifications to

confirm that earthwork and foundation recommendations are properly interpreted and

implemented.

4.1 SEISMIC CONSIDERATIONS

As stated in Section 1206 of the Standard Building Code, "Every building and structure,

and portion thereof, shall be designed and constructed to resist the effects of

earthquake motions....". The remainder of Section 1206 specifies now the seismic

loading is to be estimated and analyzed for a given site. Since the Charleston area is

within a known seismically active region, earthquake loads are an important part of the

design process.

4.1.1 Seismic Site Coefficient

Based upon the Standard Building Code (1992/1993 Revisions), the site soil conditions

can be classified as Soil-Profile Type S;:

"A soil profile containing 20 to 40 f: in thickness of soft to medium-stiff days with
or \viihou; intervening layers of conesioniess soils."

A Seismic Site Coefficient (S) of 1.5 is therefore appropriate for design.
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4.1.2 Design Earthquake For Liquefaction Analysis

The Standard Building Code (1992.1993 Revisicns) requires that the design earthquake

have a 90% probability of non-exceec'ance in 50 years. To satisfy this criteria, the

design earthquake used in our analyses has a magnitude (M) of approximately 5.9, and

produces a "base" acceleration of 0.12c. This is the seismic event being used in the

design of the I-526 (Mark Clark Expressway) bridges over the Stono River, which was

developed by a comprehensive study of Charleston seismicity. S&ME commissioned

Martin C. Chapman2 to perform this study in 1932, during the early design stages for the

•Mark Clark project. Depending on actual near surface stratigraphy, the base

acceleration may be amplified within the overlying soils. Theoretical determination of the

site amplification was beyond the scope of this study. However, based upon complete

site seismic response analyses we have conducted on similar sites, and upon empirical

relationships for the amplification of base acceleration due to site specific soil

conditions, we have assumed that the Peak Ground Acceleration (PGA) will be 0.18g.

This acceleration value has been used in our liquefaction analysis.

4.1.3 Liquefaction Potential

Liquefaction, which is the loss of a soil's shear strength due to the increase in porewater

pressure resulting from seismic vibrations, is always a concern in the Charleston area.
Lique/iable soils are found in the Charleston area and significant geological evidence

suggests liquefaction has commonly occurred during past earthquakes. Soils most
susceptible to liquefaction generally consist of saturated, loose, "clean" (i.e., plasticity

index of less than 5), fine (10% size ranging from 0.07 to 0.25 mm) sands. Various

zones within the sand fill (upper 10 ft) =~d several sand layers between 45 and 55 ft

meet this criteria.

Martin C. Cr.aa.T.er. is a seis.v.oiccis: =: ;he S=:s.~.c:ocic3: Observatory of the Vlrcip.ia Polytechnics:
Institute.
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Liquefaction poteniial was evaluated with the v.-ideiy-used methods developed by Seed,

Idriss and Arango" which are based on field -reservations of the performance of sand

deposits during previous earthquakes. This method compares some in-situ

characteristics of the observed liquefiable deposits to the actual deposits at the subject

site. This liquefaction analysis procedure is \videly accepted by government agencies,

and is described in NAVFAC Design Manual 7.3.

For each stratum which appeared to meet the previously outlined grainsize and

plasticity criteria, a factor of safety against liquefaction was calculated using the

procedures outlined by Seed, et al. This factor of safety is the ratio of the cyclic stress

required to cause liquefaction to the cyclic stress generated by the design earthquake.

Subsurface strata with a factor of safety against liquefaction of less than 1.2 are

generally considered to be "liquefiable". Our results indicate that a few isolated sand

zones within the upper 10 ft (fill zone) and the sands at a depth of approximately 50 ft

are liquefiabie.

With regard to foundations and building construction, liquefaction creates two major

problems; ground-surface disruption and/or volumetric compression. Ground surface

disruption may be in the form of fissures, sand boils, surface oscillations or lateral

displacements. Such ground surface disturbances could result in catastrophic failures

such as "punching" failures of foundations supported above the liquefiable deposits.

Based on recent work by Youd and Gam's", the presence of a sufficiently thick (> 3
meters) layer of non-liquefiable soils over liquefiable sands will prevent ground

disruptions. Across the majority of the site, non-liquefiable soils (including an assumed

Seed. H.B.. Icriss. I.M.. and Arango. I.. "Eva!-aiion of Liquefaction Potential Using Fieic Performance
Da;a." JoL-.-.-.a! of Geoiecrinica.' Engineering. ASCE. Vol. 1C9. No. 3. Mar.. 1953. pp. ^3S--52.

Yo'JC. T.L.. and Garris, C.T.. "Lic'jer'acticr. - Irc'jcec Ground Surface Disruption." Journal of
Geotechmca! Engineering. ASCE. Vol. :2'<. No. '',. November, 1995. pp. 805-809.
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2-ft layer of new fill) which overlie the licuerlabie sands appear to be sufficiently thick to

prevent extensive ground surface disruption.

Because of the heavy structural loads of the garage, a deep foundation system will be

required. Our subsequent recommendations for deep foundations take into account the

presence of these liquefiable deposits. Therefore, the only structural elements at risk to

liquefaction induced volumetric compression settlement are slabs-on-grace, retaining

walls, planters, etc. Prediction of the magnitude of this settlement is very difficult.

However, based upon currently available methods, we estimate that settlement due to

liquefaction induced volumetric compression could be as much as 2 to 5 in.

4.2 FOUNDATION RECOMMENDATIONS

The thick deposits of weak, compressible soils will not be capable of supporting the

required foundation loads on spread footings. Therefore a deep foundation system

bearing in the Cooper Marl will be required. However, we have evaluated the possibility

of "earth supporting" the relatively lightly loaded first floor slab near existing grade. Our

evaluations and recommendations are summarized in the following sections.

4.2.1 Deep Foundations

We have limited our deep foundation evaluation to only driven piles (ore-stressed

concrete and steel H-piles). We assume that auger cast piles ancYor Grilled caissons
are prohibitively expensive due to economic issues related to the contaminants in the

soil. The local cost of transporting and incinerating contaminated (but not hazardous)
material is on the order of S50 per ton.

Axial Capacity. Estimates of the ultimate cornpressive capacity of 12-in. and 14-in.

square, prestressed concrete piles ar.c steel H-piles bearing in the Cooper Mari are
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Lateral j-oundaticn Analyses, i he effects of lateral leading on the 12 and 14 in. PSC/H-

piles were estimated using the finite difference computer program L.-iLE Plus. This

program models soil behavior with the use of p-y curves to estimate piie deflection and

bending moment based on various pile sizes, soil conditions and loads. Our analyses

assumed ail lateral loads are applied at ground surface, and that center-to-center pile

soacings are at least 56. Figures 2 and 3 graphically presents our estimates of lateral

load versus deflection and internal bending moment for single piles \viih an 80 ton axial

load. Fixity, defined as the first inflection point of the pile displacements, occurs about

20 ft be'ow the pile head for all four pile types that were considered.
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Pile Installation. Based on our experience with similar projects, crop, air or diesel

hammers having rated energies in the ranee of 30 to 60 ft-kips should be suitable for

the pile installation. However, the dense sand layers above the marl could cause some

driving difficulties. Ordinarily, such sands \vould be pre-augered as necessary. Since

pre-augering should be avoided due" to site contamination, a larger harrirner may be

required. For this reason, steel piles (which will penetrate the dense sands easier) may

be a better alternative, although they are typically more expensive than concrete piles.

Consequently, the selection of a suitable driving system may have to be mace based on

the results of the test pile program, if pre-augering is required, and appears

economically feasible, it should be limited to a depth of 80-ft. The diameter of the auger

should be equal to the least dimension of the pile (i.e., 12 in. or 14 in., respectively, for

12 in. and 14 in. piles).

A review of historical maps indicates that the site is located in an area of original Cooper

River marshland. Based upon the results of our borings, it appears that the site has

been filled in the past and consequently, significant obstructions to pile installation may

be encountered within the upper 10 ft. Typically, this relatively common problem is

i overcome by pre-augering or pre-excavaiion with a track-hoe. If pre-augering or
A' digging is too expensive, a steel spud may be required to displace debris and create

? pilot holes through the uncontrolled fill. Again, the feasibility of this method will be best
V

" evaluated during the pile test program. Also, such concerns may make steel piles a
better alternative.

Pile Vibrations. It does not appear that there are any structures in the immediate vicinity

to the parking garage which would sustain damage as the result of vibrations induced

by pile driving. However, it may be prudent to perform a pre- and post-construction

survey in order to monitor the affects of piie installation on the surrounding areas. This

survey should include video and photographic-documentation as well as the installation

of crack monitors throughout the area. In addition, we recommend that vibration

monitoring be performed during initial piie installation.
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4.2.2 FIRST FLOOR SLAB

Fill Placement and Settlement. We understand that if possible, the first floor slab will be

non-structural and constructed at or just above present grade. Based on our borings,

we anticipate that such plans may require extensive undercutting. After removal of

surficial organic material (topsoil), uncontrolled fill (bricks, wood, concrete, etc.) may be

encountered. Much of this debris may have to be removed to provide a stable

subgrade. Due to environmental concerns, we assume that such undercutting should

be avoided. The undercutting could be avoided provided that the uncontrolled fill is

covered by a minimum of 2 ft of compacted controlled fill (described in subsequent

paragraphs) beneath pavements and slabs. However, this fill placement will cause

settlement.

Like much of peninsular Charleston the site was filled in the past, probably as much as

100 years ago. The very soft marine clay which was encountered beneath this fill

(between depths of approximately 8 and 40 ft) is highly compressible, and will

consolidate with even small stress increases (such as the weight of the 1 to 2 ft of new

fill). Clays consolidate (causing surface settlement) as water is expelled from the voids

in the soil. This process is extremely slow, particularly in this case where the clay

stratum is very thick, and consolidation can continue for many decades. Based on their

high natural moisture contents (73% to 126%); the clays at this site may still be

consolidating under the weight of the 6 to 10 ft of existing fill.

Structures (i.e., a non-structural parking slab) supported above these clays will settle as

the clays consolidate. The prediction of the rate and magnitude of any remaining
consolidation due to the existing fill loads is extremely difficult. However, it is possible

that some additional long-term settlement (probably < 1 in.) may occur, it is important

to note that this settlement will occur even if no additional load is added .to the soil.

Settlement will be much greater assuming 2-ft of fill will be required, as discussed

previously.



I
I
i
i
i
i
i
i
i
i
i
i

i
i
i

T

i
i

i he addition of 2 ft of fill under a non-structural parking slab will cause the soft clays to

consolidate. Based on the consolidation test and moisture content test data, we

estimate that the long-term consolidation settlements due only to fill placement will be

on the order of 6 in. or more. This again is in addition to the settlement which is

probably still occurring from the placement of the original -fill.

If the loading is reduced, the settlement will be reduced. Obviously, one option is to

construct the first floor parking deck as a structurally supported slab. Another option is

to use lightweight or engineered fill, thereby reducing the load and resulting settlement.

Several types of lightweight fill are available. These include purnice stone mined in
Greece and marketed by Tarmac America, Inc. This material, slightly larger than pea

gravel, is currently being used on a road construction project in North Charleston. Other

examples include Solite (expanded shale) and Elastizell (all with unit weights of 30 to 55

pcf). These materials may be combined with earthen fill in order to reduce costs.

Reduction of the average soil density to less than 40 pcf with the use of lightweight fill

may reduce total settlements resulting from fill loads to less than 3/2 in.

A third option is to preconsolidate the site by surcharging. A surchacoe -program

consists of placing an additional quantity of temporary fill over the required permanent

fill. The. additional fill increases the stress on the compressible soil, thereby speeding

consolidation. Once the compressible soils have consolidated to a point where further

settlement due only to the weight of the permanent fill is within tolerable limits, the

surcharge is removed. The greater the surcharge, the sooner the surcharge may be

removed. However, drainage distance is another controlling factor with regard to

consolidation time. Due to the relatively large thickness (40 ft) of the clay layer,

measures to speed consolidation by reducing the drainage distance must be

considered. Wick drains are typically the most cost-effective method of decreasing

drainage distance and shortening the consolidation time. (Wick drain costs are typically

about SO.50 per lineal ft. installed).
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Various combinations of surcharge height, surcharge time, and wick spacing are

presented in Table 1. All scenarios assume = permanent fill height of 2-ft.

Table 1

SURCHARGING OPTIONS

Fill Height
(permanent and

surcharge)

6ft

6 f t

en
8f t

8f t

Surcharge
Time

180 days

180 days

90 days

180 days
180 days

Wick
Spacing

7ft

5f t

5 f t

9f t

7f t

Assumed
Wick Cost'

542,000

583,000

583.000

526,000

542,000

Remaining
Settlement Due

to Fill

21/2 in.

y2 in.

2/2 in.

2/2 in.

1 in.

Wick cost estimate based on 50 ft long wicks, spaced in a triangular pattern over a 190 ft by 375 ft
area at S0.50/ft. Does not include cost of mobiiizstion.

To monitor the rate and magnitude of site settlement we recommend that settlement

plates be installed at several locations within the garage footprint. A sketch of a typical
settlement plate arrangement is shown in Figure A-3 of the Appendix. Protection (from

any movement) of the settlement plates during construction is imperative. Fill soils
should be methodically hand placed and compacted in areas above and immediately

surrounding the settlement plates. Fill soils should not be dumped in the immediate

areas of the settlement plates. Settlement plate locations should be barricaded after

completion of filling to prevent the plates from being disturbed of destroyed. Upon

completion of controlled fill placement, the site should be allowed to consolidate until
settlement plate data, as interpreted by a geotechnical engineer, indicates post

construction settlement due to the permanent fill will be within tolerable limits. Accurate

surveying of the elevation of the plates should begin immediately after their installation

and continue weekly for the first four weeks and then bi-weekly thereafter.

20
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4.3 SITE PREPARATION

I As mentioned previously, typical site preparation will likely be modified cue to the

containation within the upper soils. Based on the results of the borings, we anticipate

• • that extensive undercutting will be required. However, due to the contaminants in the

soil, and the thickness of the uncontrolled fill (6 to 10 ft), we assume that undercutting

• will be prohibitively expensive. Foreign debris such as uncontrolled fill (bricks, wood,

etc.) was encountered within all seven borings. Typically, any debris encountered must

• be completely removed to depths necessary to provide a minimum of 2 ft of compacted,

controlled fill beneath pavements and slabs. After stripping, areas at grade to receive

J fill are generally proofrolled with a fully loaded tandem-axle dump truck or similar

? equipment to detect any unstable areas. Any areas which pump or rut excessively are

J scarified and densified in-place, or undercut and replaced with soil subsequently

•s described as controlled fill. At this sire, we recommend that only surficial organic

I • material (topsoil) be removed and the exposed subgrade (which will typically contain

g. ' ' uncontrolled fill) receive a minimum of 2 ft of controlled fill. Areas which receive

I - controlled fill should be proofrolled with a to detect any unstable areas.

I 4.4 CONTROLLED FILL

Controlled fill material should be cohesioniess soil containing no more than 10% fines

(material passing the No. 200 sieve) by weight and having a maximum dry density

(ASTM D-1557) of at least 100 pcf. The soil should be free of organics, deleterious
matter and elongated or flat particles which may be susceptible to degradation. The fill

should be placed in uniform lifts of 10 inches or less (loose measure), and compacted to

at least 95% of the modified Proctor maximum dry density (ASTM D-1557).

21
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4.5 CONSTRUCTION MONITORING AND TESTING

Random in-place density testing should be performed on all fill by an experienced

engineering technician to determine whether the specified compaction has been

achieved and if the fill material meets specified requirements. Pill subcrade evaluations

and proofrolling and undercutting operations should performed by a geotechnical

engineer or their representative.

Test Pile Program. The environmental contamination and poor soil conditions of this

site combine to make foundation construction complicated and potentially difficult. Pre-

augering and shallow excavation should ideally be avoided due to environmental costs

yet the dense, deep sands and near surface debris may interfere with pile driving.

Additionally, the elevation-of the bearing stratum (Cooper marl) varies by as much as 8-

ft across the site and the thick compressible strata makes down drag a concern.

Finally, the depth of the bearing stratum and the structural loads will result in relatively

long piles. The uncertainties associated with these factors can substantially increase

the cost of the foundation. An elimination or reduction of these uncertainties can result

in significant savings. For example, the use of steel piles would alleviate many of the

pile drivability concerns. However, due to the large difference in material costs,

substantial savings will be realized if the prestressed concrete piles can be driven.

Therefore, a thorough pile load test program is warranted. Furthermore, the saving will
be maximized if the testing is performed prior to construction. The results of the testing

will then be available for the final bid documents. This approach was used with great
success during the design/construction of the Charleston County Health Complex

Parking Garage.

Pile capacities should be verified at the start of construction through siatic pile testing

and dynamic testing with a Pile Driving Analyzer'-"1 (PDA) in accordance with ASTM

D-1143 and D-4945. We recommend thai eight probe piles be driven at production pile

locations across the site. Four of the probe piles should be prestressec concrete and
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four should be steel. A steel pile should be driven at a location close to each of the four

concrete piles such that drivability can be better evaluated. One of the pile pairs should

be driven in the vicinity of GT-4 since the marl was deeper in this boring.

After installation, the piles should be dynamically monitored during restrikes. We

recommend restrikes be performed 3 to 7 days after driving. At least one of the

concrete piles should be statically loaded to failure, or to a minimum of three times the

design load, using the "quick load test method" of ASTM D-1143 - Standard Method of

Testing Piles Under Static Axial Compressive Load. The static test pile should be

instrumented with electronic strain gauges to develop load transfer data for the

overburden soils. The load transfer data will be used to evaluate negative skin friction

potential. After an evaluation of the dynamic and static load test data, production pile

lengths and capacities can be established. Additionally, the installation of all driven

piles during production should be monitored by an engineering technician working under

the direction of a geotechnica! engineer.

A pre- and post-construction survey of the surrounding buildings should be performed in

order to document any damage associated with the installation of driven piles. This

survey should include video and photographic records and the installation of crack

monitors throughout the area. We also recommend that vibration monitoring be

performed during pile installation.
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5.0 LIMITATIONS OF REPORT

• This report has been prepared in accordance with generally accepted geotechnical

engineering practice for specific application to this project. The conclusions and

I recommendations contained in this report are based upon applicable standards of our

practice in this geographic area at the time this report was prepared. No other warranty,

• expressed or implied, is made. •
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FIGURE A-1: BORING LOCATION PLAN

FIGURE A-2: SOIL PROFILES

i
BORING LOGS
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FIGURE A-3: SETTLEMENT PLATE DETAIL
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FIELD TESTING PROCEDURES

SOIL DATA SUMMARY

CONSOLIDATION REPORT

LABORATORY TESTING PROCEDURE
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Boring locations are shown in general arrangement cr.iy. Do not use
boring locations (or determination of distances or qualities. This plan is
adapted from site plan provided by Fluor Daniel GT1. Ir.c. Soil Test Boring

Job No: 1121-57-290

Date: Secta-nber 17. 1997

Not to Scale

Boring Location Plan
Aquarium Parking Garage
Charleston. South Carolina

Figure No:

A-1
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îi
H*

*/

1

T
i

I
~C

K

-6 G7-

•ah %

%
/V

I

12 g

27 |

45 KR^

6 i
7 S"

0

117 g

1

•5 CT

| \

vco 2

•aft !

»°̂ -r-»"l ^
i.

1
J/24T y

|
s \
7 I
45 :

1

9-"w-49X J
LL-86 '

9 .=1=37 !

9

7 !

12 . ~^14 r

8 I
r

10 -
ta_!

t ^^ M0M^_*_B ^9 ^B_II

r-4

j-KSSI

|-

I-\ _^

- .f .
' n

229

16

5

9

6

I7

fl -
Hi5

50

0

10

20

30

f _ ̂
40 z:

50 fE
a.
LJ

60 °

70

BO

90

FIGURE NO.

P SOIL PROFILES A-A1 & B-B' fl ~ 2.
1 Aaucrium Poncing Garage

^_P^P |̂Wlh| C-.c.-v-ston. South Carolina

— - uy-zz-y/ ENciNEERiNc^T^^c0" ^ Na 1131-97-290



PROJECT: AQUARIUM PARKING GARAGE
CHARLESTON, SOUTH CAROLINA BORING LOG

1131-97-290

DATE STARTED: 3/13/97 DATE FINISHED: S/13/97

DRILLING METHOD: MUD ROTARY

CASING LENGTH: DRILLER: RICHARD SCVCV1ONS

WATER LEVEL: WATER AT 4 FEET AT TIME OF DRILLING

DE
PT

H
(f

ee
t)

5-

10 J

G
RA

PH
IC

LO
G

::::::

°o^\
n * <VA

MATERIAL DESCRIPTION

ULL: SLL1V SAMD (SM)
medium dense, dark brown, fine

V7
— ... wood fragments

- - - brick fragments, odor

FILL; SANDY GRAVEL (SP/GP)
— i medium dense, gray and reddish-brown, coarse; ,

\ brick and wood content, odor /
--.HI 1 • Cl AY W I T H WOt»m:H/t)H) ,

i very stiff, dark sray .'
BORING ABANDONED AI'12 t-hhl — -- •— •—

EL
EV

AT
IO

N
(f

t-
(1

SL
)

:

i

SA
M

PL
E

N
O

/T
Y

PE

S-I
3-2

S-3

S-4

S-5

$-6

GT-l
NOTES: GUS-PECH 1000. ALTO\L\TIC
SAFETY' H.VND.ER. 12" BIT FROM 0' TC
10'.

STANDARD PENETRATION TEST DATA
(b!oM-s.fi)

0 !0 20 30 60S

\

<»

— 1

i—

1
1

01

<L
•>

J ^

!3

17

17

27

' 15

22

1. BORING AND SAMPLING IS IN A CCORDANCE WITH ASTM D-15S6.
2. PENETRATION (N-VALUE) IS THE NUMBER OF BLOWS OF 140 IB. HAMMER

FALLING 50 IN. REQUIRED TO DRIVE 1.4 IN. I.D. SAMPLER 1 FT.

S & ME. INC.
S40 LOW COUNTRY BOULEVARD
MT. PLE.4SANT. SOUTH CAROLINA

i
Page I of 1



PROJECT '• AQUARIUM PARKING GARAGE
CHARLESTON, SOUTH CAROLINA BORING LOG GT-1A

1131-97-290

DATE STARTED: 8/13/97

DRILLING

CASING

METHOD: MUD ROTARY

LENGTH: 8" & 4"/15' & 58'

WATER LEVEL: WATER AT 4 FEET

DE
PT

H
(f

ee
t)

j
-
.

15-
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25-
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35-

"
40-
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DATE FINISHED: S/20/97

DRILLER: RICHARD SLMMONS

AT TLME OF DRILLING

MATERIAL DESCRIPTION

HLL: MLl'Y SANL) (SM;
medium dense, dark brown, line

•=•- . . loose; wood fragments
\- - - odor
FILL: GRAVEL (GP) "

/

I \ very loose, dark brown, coarse; clay lenses, /
\ slisht odor • - /
LLAY(CH)

very sort, dark gray; tract

... slightly sandy, trace si
and wood content

- - - no visible wood contei

- - - no visible marsh grass

CLAYEY SAND (SC)
loose, bluish-gray, tine

SAND (SP)
meaium dense, gray, fine

SILTY SAND (SM)
loose, bluish-gray, fine; t
w =33%, fines = 19%

SANDY CLAY (CH/MH)

: shell & marsh grass

icll. marsh grass,

it, w = 955b

or shell content

10 medium

-ace shell hash.

EL
EV
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N
(f

t-
M

SL
)
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-
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-

—

"
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SA
M
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S-l

S-2

S-3

S-4

S - 5 <

S-6 *

S - 7 <

_ » J

S-9(

S-10<

S-ll

s-i:

S-!3

NOTES: GUS-PECH 1000. ALTO\LATIC
SAFETY HAMMER. 12" BIT FROM 0' TC
8', 4" BITS' TO S2'.

STANDARD PENETR.ATION TEST DATA
(biows/n) - -
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^̂

•

i

l

i

i

i

< i

s»

(

—
•

1 >

I

i

i

U
_J

]. ~

13

6

7

1

-

woh

C.-2-;-

wor

wor

wor

5

2.

10

1. BORING AND SAMPLING IS IN ACCORDANCE WITH AST.M D-15S6.
2. PENETRATION (N-VALUE) IS THE NUMBER OF BLOB'S OF 140LB. HAMMER

FALLING 30 IN. REQUIRED TO DRIVE 1.4 IN. l.D. SAMPLER 1 FT.

S & ME, INC.
840 LOW COUNTRY BOULEVARD
A/7. PLEASANT. SOUTH CAROLINA
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PROJECT: AQUARIUM PARKING GARAGE
CHARLESTON, SOUTH CAROLLNA

1131-97-290
BORING LOG GT-1A

DATE STARTED: 3/13/97 | DATE FINISHED: S/20/97

DRILLING METHOD: MUD ROTARY

CASING LENGTH: 8" & 4"/15T & 58' j DRILLER: RICHARD SUMMONS

WATER LEVEL: WATER AT 4 FEET AT TIME OF DRILLING

11 GR
AP

HI
C

l 
nn

~ W
^

70-

75- :::

\ MATERIAL DESCRIPTION

nrm, greenjsn-gray

- - - (CH), soft; slight sand and shell content,
PP = 1.5

— \- - - no recovery /
: SILI Y SAMU (SM)
: loose, dark bluish-gray, fine; trace shell hash

go =^ COOPER GROUP: SANDY SILT (MH)^=3 stirf, olive; calcareous, PP = 1.15
BOKfis(j '1 hRMlNA'I tD AT 82 hbh 1'

I-!?•§su

-

;

*
SA

M
PL

E
N

O
/T

Y
PE

S-15

S-lfi

S-17

S-IS

S-19

NOTES: GUS-PECH 1000. AUTOMATIC
SAFETY HAMMER. 12" BIT FROM 0' TC
S', 4" BITS' TO S2\

STANDARD

0

PENETRATION TEST DATA
(blows/ft)

!0 :0 30 60 S(

/

^

N
/

< i

I »

u

<r

) z

5

3

7

S

5

9

/. BORING AND SAMPLING IS IN A CCORDANCE WITH ASTM D-I5S6.
2. PENETRATION (N-V.4LUE) IS THE NUMBER OF BLOB'S OF i-3 LB. HAMMER

FALLING so IN. REQUIRED TO DRIVE 1.4 IN. I.D. SAMPLER i FT.

S & ME. INC.
S40 LOW COUNTRY BOULEVARD
MT. PLEASANT. SOUTH CAROLINA

Pc§e 2 of 2
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PROJECT: AQUARIUM PARKING GARAGE
CHARLESTON, SOUTH CAROLINA BORING LOG GT-2

1131-97-290

DATE STARTED: S/12/97

DRILLING

CASING

METHOD: MUD ROT.ARY

LENGTH: S" & 4"/19' & 62'

WATER LEVEL: WATER AT 2 FEET

D
EP

TH
(f

ee
t)

5-

10-

15-

20-

25-
:

30-

40-

45 —^•*

50-

_

u
H
a. a
<£ _l
C3

::

1
\
h

::1
#
1
',\

f/<
1

DATE FINISHED: 8/19:97

DRILLER: RICHARD SIMMONS

AT TIME OF DRILLING

MATERIAL DESCRIPTION

HLL: SlLl^r isANU (SM
2 medium dense, brown, tii

content
- - - very dense; slight brie

shoe
- - - (SP-SM), medium den

— . content
\- - - (SM). loose, fine
LLAI (UH)

)
ic; root and brick

ic content, wood in

se, coarse; brick

very sort, dark gray; slight sand & organic
content

- - - some sand, trace shell hash

- - - slight sand and marsh grass content

- - - no visible marsh grass

SANDY CLAY (CH)
tirm, dark gray; sand sear.

- - - soft, gray and bluish-g
SILTY SAND (SM)

medium dense, dark grav,
fines = 1SS

% CLAY (CH)

y . BORING AND SAMPLING IS IN A CCOR
2. PENETRATION (N-VALUE) IS THE NUf>

FALLING 30 IN. REQUIRED TO DRJVEt 840 LOW COUNTRY B
MT. PLEASANT, SOU'

TS, H2S odor

•ay

fine; w = 29 fc.
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TI
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(f
t-

hS
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-

-

_
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-

SA
M

PL
E

N
O

/T
Y

PE

S-l

S-2

S-3

S-4

S-5 '

S-6'

S-7'

S-S*

S-9 '

S-IO<

S-ll

S-12*

S-13*

S-14

S-16

NOTES: GLS-PECH 1000. AUTOMATIC
SAFETY HAMMER. 12" BIT FROM 0' TC
19', 4" BIT 19' TO 97'.

STANDARD PENETRATION TEST DATA

0 -0 20 30 60 S(

{ r^
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1
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p— •*• — r
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) Z

22

=*0/6-

11

3

"2/24-

2A24-

1/24-

woh

2

2/24"

2/1S-

6

3

. 12

DANCE WfTHASTM D-15S6.
iBER OF BLOWS OF 140 LB. HAMMER
1 4 IN I D ^- Vs' ~y i FT

OULEVARD
~H CAROLINA
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PROJECT: AQUARIUM PARKING GARAGE
CHARLESTON, SOUTH CAROLINA BORING LOG

1131-97-290

DATE STARTED: 8/12/97 DATE FINISHED: S/19.-97

DRILLING METHOD: MUD ROTARY

CASING LENGTH: 8" & 4"/19' & 62'

WATER LEVEL: WATER AT 2 FEET

D
EP

TH
(f

e
e

t)

-

60-

65-

70-

75-

G
RA

PH
IC

LO
G

^ij

1

DRILLER: RICK.AJLD SLMMONS

AT TIME OF DRILLING

MATERIAL DESCRIPTION

son, Diinsn-gny; some sana

- - - nns; slight sand, w = 65%, LL = 104,
—A PI = 65" r

C.LA.Y (C-H/Cjf) W l l H oh1

stitf, dark bluish-gray

VERY CLAYEY SAND (SUCH)
very loose, dark bluish-gray, tine; silt
content

— ^- - - ./•
E==! LLKJPkk GROUP: SAMUY SLLl (MH)

80 -f!==
85 -P"

90-

95 —

S3

™

sun, ouvc; calcareous, r

--- OnruPP = 1.25

- - - P P = 1 .5

— - - - s o n : P P = 1.5
BDRINGrTERMI^ATEET

r — i . / j

AT9/1 hhh l ••" — - —

EL
EV

A
TI

O
N

(f
t-

M
SL

)

":
-

-

~.

-

-

SA
M

PL
E

N
O

/-T
Y

PE

S-17

S-1S

S-I9

S-20

S-21

S-22

S-23

S-24

s-:s

GT-2
NOTES: GLS-PECH 1009. AUTOMATIC
SAFETY HAMMER, 12" BIT FROM 0' TC
19', 4" BIT 19' TO 97'.

STANDARD PENETRATION TEST DAT.J
(blows/ fi)

0 !0 20 30 60 S

\

\

1 1

\

\
\

( 1

>

' 3
3>

o H

4

5

15

4

6

13

6

S

4

;. BORING AND SAMPLING is IN ACCORDANCE WITH ASTM o->5S6.
2. PENETRATION (H-VALUE) IS THE NUMBER OF BLOWS 0.' 140 L3. HAMMER

FALLING 30 IN. REQUIRED TO DRIVE 1.4 IN. I.D. SAMPLER I FT.

S & ME. INC.
840 LOW COUNTRY BOULEVARD
UT. PLEASANT. SOUTH CAROLINA

Pa°e 2 of 2
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PROJECT: AQUARIUM PARKING GARAGE j
CHARLESTON, SOUTH CAROLLNA { BORING LOG GT-3

1131-97-290 i

DATE STARTED: 8/13/97 DATE FINISHED: S/20/97
DRILLING METHOD: MUD ROTARY

CASING LENGTH: S" & 4"/15' & 62'

WATER LEVEL: WATER AT 4 FEET

DE
PT

H
(f

ee
t)

10-

15 —

20-

25 —.

30-

35 -]

40 —__

45-:
50 —

"_
_

G
RA

PH
IC

LO
G

::::::

!
%

/. BORING
2. PENETR,

FALLING

+̂
q^?

DRILLER: RICHARD SLMMONS

AT TBLE OF DRLLLLNG

MATERIAL DESCRIPTION

hlLL: SiL'i V SAND (SM)
loose, dark brown; root content

"= - - - medium dense; slight gravel and root content
— \- - - (SP-SM), very loose, odor /

CLAY (LH)
very sort, dark gray

- - - very soft, dark gray; some sand

- - - sandy

- - - high shell content

- - - slightly sandy, no shell content

VERY CLAYEY SAND (CH/SC)
medium dense, bluish-gray; clay lenses

EL
EC

TI
O

N
(f

t-
M

SL
)

-

-

~

'

-

-_

~_

-

1

"
~

SA
I1

PL
E

N
O

/T
Y

PE

S-l

S-2

S-t(

SV

S-7

S-S4

S - 9 <

S-10*

S-1I

jS-!2

NOTES: GUS-PECH 1000. AUTOMATIC
SAFETY HAMMER. 12" BIT FROM o- TC
S', 4" BIT FROM S' TO 77\

STANDARD PENETRATION TEST DAT.-*

0 !0 20 30 60 S

r- ——— ̂ "*"̂

1

I

\

)

<
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1 1

\

\

k 3

^

0 ^

10

n
2/18'

woh

woh

2

»oh/ lS

1

1.M2'

13

20

AND SAMPLING IS IN ACCORDANCE WITH AST.V D-I5S6.
iTION (N-VALUE) IS THE NUMBER OF BLOWS OF 140 LB. HAMMER
' 30 IN. REQUIRED TO DRIVE 1.4 IN. I.D. S.4MPLER I FT.

^ S& ME. INC. _ , - ,^- Pa°e J or -
* S40 LOW COUNTRY BOULEVARD ° J

£y MT. PLUSANT. SOUTH CAROLINA
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PROJECT: AQUARIUM PARKING GARAGE
CHARLESTON, SOUTH CAROLINA BORING LOG GT-3

1131-97-290 !

DATE STARTED: 3/13/97 DATE FINISHED. S/20/97

DRILLING METHOD: MUD ROTARY

CASING LENGTH: 8" & 4"/15' & 62'

WATER LEVEL: .WATER AT 4 FEET

QE
PT

H
(f

ee
t)

G
RA

PH
IC

i n
n

||

1"j

DRILLER: RICHARD SLMMONS

AT TIME OF DRILLING

MATERIAL DESCRIPTION

- - - loose, fine to coarse; w = 30 /o
CLAY (CH/MH)

stirr, greenish-gray; sligh

- - - soft; sandy, some shel

- - - no visible shell hash

t sand content

content

— • COOPER GROUP: SELTY SAND (SM)
\ loose, olive, rrae; calcaret
BORING" TERMINATED"

3US . .'
Al / / hncl

-

EL
EV

AT
IO

N
(f

t-
(i

sL
)

~

"

-

"

1
~

sn
np

i.E
N

O
/T

Y
PE

S-13

S-14

S-1S

S-16

S-17

NOTES: GLS-PECH 1000, AUTOMATIC
SAFETY HAMMER. 12" BIT FROM o1 TC
S', 4" BIT FROM S' TO 77'.

STANDARD PENETRATION TEST DATA
(biOa'S/ft)

0 10 20 30 60 S(

\

1

/

S

v>

LJ

_1

) Z

8

9

15

4

6

1. BORING AND SAMPLING IS IN ACCORDANCE WFTH ASTM D-15S6.
2. PENETRATION (K-VALUE) IS THE NUMBER OF BLOWS OF !40 LB. HAMMER

FALLING 30 IN. REQUIRED TO DRIVE 1.4 IN. I.D. SAMPLER I FT.

S40 LOK COUNTRY BOULEVARD
A/7. PLEASANT. SOUTH CAROLINA



PROJECT: AQUARIUM PARKING GARAGE
CHARLESTON, SOUTH CAROLINA BORING LOG GT-4

1131-97-290

DATE STARTED: 8/14/97 DATE FINISHED: S/21/97

DRILLING METHOD: MUD ROTARY

CASLNG LENGTH: 8" & 4"/15' & 62' DRILLER: RICHARD SUMMONS

WATER LEVEL: WATER AT 1.5 FEET AT TIME OF DRILLING

DE
PT

H
(f

ee
t)

;
_

10-

15-

20-

25-

30-

35-

"

40 —

45-

50 —

G
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PH
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G

:.:...
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P

1
vfom
A +. \

4 1 •». 1

MATERIAL DESCRIPTION

HLL: S1LIY SAJML) <SM;
loose, dark brown, tine: organic content ^_

hULL: GRAVhL(GP)
— y loose, dark black, fine to coarse; odor r

MLL: ORGANIC!* AND WOOL) t-KAGMhN'lb (UH)
soft, dark brown

\- - - stiff; siiehi sravel content /
CLAV (CH)

very soft, dark gray; slight sand and marsh
grass content

- - - no visible marsh grass, w = 94%

- - - some sand

- - - sliaht sand
~"

- - - slight sand and marsh grass

VERY SANDY CLAY (CH/SC)
stiff, gray and greenish-gray; line grained sand

SLIGHTLY SILTY SAND (SP-SM)
cense, gray, tine: micaceous

':':':':':! SAND (SP)
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M
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M
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N
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S-l

S-2

S-3

S-5{

S-6<

»•

S-S<

SV

S-10<

C.1 | ̂

S-!2

S-13

NOTES: GUS-PECH 1000. AUTOMATIC
SAFETY HAMMER. 12" BIT FROM o* TC
10', 4" BIT FROM 10' TO 97'.

STANDARD PENETRATION TEST DAT
- (blo^s; f:)

0 10 20 30 60
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i

/. BORING AND SAMPLING IS IN A CCORDANCE WITH ASTM D-J5S6.
2. PENETRATION (N-VALUE) IS THE NUMBER OF BLOWS Or 140 L3. HAMMER

FALLING 30 IN. REQUIRED TO DRIVE 1.4 IN. I.D. S.-MPLER 1 FT.

S & ME, INC.
840 LOW COUNTRY BOULEVARD
MT. PLE.4SANT. SOUTH CAROLINA

Pc.°e 1 of 2



PROJECT: AQUARIUM PARKING GARAGE
CHARLESTON, SOUTH CAROLINA BORING LOG GT-4

1131-97-290

DATE STARTED: 3/14/97 DATE FINISHED: S/21/97

DRILLING METHOD: MUD ROTARY

CASING LENGTH: 8" & 4"/15' & 62' DRILLER: RICHARD SCVCVIONS

WATER LEVEL: WATER AT 1.5 FEET AT TIME OF DRILLING

DE
PT

H
(f

ee
t)

_

60^

65-

70-

.-

80 -j

G
RA

PH
IC

:

I
\!
i l l .

::::

a MATERIAL DESCRIPTION

meaium aense, gray, meaium to coarse; L"ce
: phosphate nodules

CLAY (CH/MH)
tinn, greenish-gray; some sand content, slight
shell content

- - - soft; some shell content, w = 53%

- - - stiff; slight sand content, no visible
shell content

- - - firm
i SILTY SAND (SM)
: loose, dark bluish-gray, fine; slight clay
'• content

F< ES^J COOPER GROUP: SANDY SILT (MH)
x.^ sun, olive; calcareous
-==i3

yo — p— •-— j

1^3 - - - hard; sand seams. PP = 3.0

yj

~ r .... . . . stiff; no sand seams
BORING 1 hkMIN A i hD AT 9 / hhh 1
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S-14

S-15

S-I6

S-17

S-18

S-19

S-20

S-21

S-22

NOTES: GUS-PECH 1000. AUTOMATIC
SAFETY" HAMMER. 12" BIT FROM 0' TC
10', 4" BIT FROM 10' TO 97'.

STANDARD PENETRATION TEST DATA
(bioMVf;)
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1. BORING AND SAMPLING IS IN ACCORDANCE WITH ASTM D-15S6.
2. PENETRATION (N-VALUE) IS THE NUMBER OF BLOWS OF ]4Q LB. HAMMER

FALLING 30 IN. REQUIRED TO DRIVE 1.4 IN. I.D. SAMPLER / FT.

5 & ME, INC.
S-fO LOW COUNTRY BOULEVARD
MT. PLEASANT. SOUTH CAROLINA

Page 2 of 2



PROJECT: AQUARIUM PARKING GARAGE
CHARLESTON, SOUTH CAROLINA BORING LOG GT-5

1131-97-290
i

DATE STARTED: 8/14/97 DATE FINISHED: S/21/97

DRILLING METHOD: MUD ROTARY

CASING LENGTH: S" & 4"/15' & 65' DRILLER: RICHARD SUMMONS

WATER LEVEL: WATER AT 2 FEET AT TEVEE OF DRILLING

-T- ^

UJ i?
0 ^ G

RA
PH

IC
LO

G

-g^

5-

10-

15-

20-'

25-

30^

33 ̂

"
40-

"
_

"*

"

50-

~_

o a
0 o

<s *'%\
I
j

MATERIAL DESCRIPTION

MLL: SANDY CLAY (L'Hj
urm. yellowish-brown, grav and brown; slight root

\ content /
1 —— M1_L_- LLAYbY ̂ UKAVtL (UF) r

loose, black, fine to medium; slight organic
\ content, strong odor , /"

!

IWLL: iANUY CLAY (Ui)
\ firm, dark gray and gray; brick content j
CLAY (UH)

firm, dark gray; slight sand, brick, shell
and wood content

- - - very soft; slight sand and wood content

- - - some sand and shell hash

- - - slight sand content, w = 96 %

• ~ ~

VERY CLAYEY SAND (SC/CH)
very loose, dark bluish-gray, fine

- - - loos:
CLAY (CH)

firm, dark greenish-gray; slight tine sand
center.:

:::h:ii| SAND (SP/SP-SM)
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M
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E
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O
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Y
PE

S-l

S-2

S-3

S-t

S-J

S-6<

S-7<

1"

~
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-

J

1

S-9 {

S-10<

s-n

s-i:

1
"l
jS-13

1 '

NOTES: GI.'S-PECH 1000. AUTOMATIC
SAFETY' HAMMER. 12" BIT FROM 0' TC
10', 4" BIT FROM 10' TO S2'.

STANDARD PENET
(bio*

0 1(

1 1

^J

\
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»

i

i

\

\

RATION TEST DATA
s/ft)

3 20 30 60 8(

4 1
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i
i

/. BORING AND SAMPLING IS IN ACCORDANCE WITH AS7M D-I5S6.
2. PENETRATION (N-VALUE) IS THE NUMBER OF BLOWS OFI40LB. HAMMER

FALLING 30 IN. REQUIRED TO DRIVE 1.4 IN. l.D. SAMPLER 1 FT.

5 & ME, INC.
SD LOW COUNTRY BOULEVARD
MT. PLL4SANT. SOUTH CAROLINA

Pa°e I of 2



PROJECT: . AQUARIUM PARKING GARAGE
CHARLESTON, SOUTH CAROLINA BORING LOG GT-5

1131-97-290
«,„«,„, «,-,.«- INOTES: GUS-PECH 1000. AUTOMATIC

DATE STARTED: 8/14/97 DATE FINISHED: 8,21. 9 / 1 CAFFTV Hi \ fXfFP ii« RTT STjn.Vf ft- Tr

DRILLING METHOD: MUD ROTARY

CASING LENGTH: 8" & 4"/lS' & 63' DRILLER: RICHARD SIMMONS

WATER LEVEL: WATER AT 2 FEET AT TIME OF DRILLING

^

£ <"m ,<"

60-

65-

70 —

75-

-

u
M
E c
c:
13

: .J

^i

\1̂

MATERIAL DESCRIPTION

aenss, srav, raeaium to coarse; trace Dnosona;;
nodules

CLAY (CH/MH)
siirf, sreenisa-sray; sliaht sand and snell
hash, w = 49%. LL ="86, PI = 37

- - - (CH/SC). very sandy

- - - firm

gn s=;£3 COOPER GROUP: VERY SILTY SAND (MH/SM)
-1^=^ meaium dense, olive, line; calcareous

BORING 1 tRMIN AThD A I' 82 r-Hh 1

_

•z. ^
i- ^
LU i .

U) v

-

-

W,S
m °

S-14

S-15

S-16

S-17

S-13

S-19

10', 4" BIT FROM 10' TO 82'.

STANDARD ?SNETR.ATiON TEST DATA
(blows/f:)
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I

7. BORING AND SAMPLING IS IN ACCORDANCE \VITHASTM D-15S6.
2. PENETRATION (N-VALUE) IS THE NUMBER OF 3LOW5 OF M LB. HAMMER

FALLING so IN. REQUIRED TO DRIVE 1.4 IN. I.D. SAMPLER i FT.

S & ME, INC.
S40 LOW COUM7.Y BOULEVARD
MT. PLHS.ANT. SOUTH CAROLINA

Pa§e 2 of 2



PROJECT: AQUARIUM PARKING GARAGE
CHARLESTON, SOUTH CAROLINA BORING LOG GT-6

1131-97-290
DATE STARTED: 8/13/97 DATE FINISHED: 3/20/97

DRILLLNG METHOD: MUD ROTARY

CASLNG LENGTH: 12" & 4"/15' & 57' DRILLER: RICHARD SIMMONS

WATER LEVEL: WATER AT 2 FEET AT TIME OF DRILLING

DE
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4 <4. 1

4 -i. 1
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MATERIAL DESCRIPTION

£ MLL: SLLl'Y SANU (SM)
loose, dark brown, fine; root content, oc'cr

- - - medium dense

- - - loose; clay lenses, brick and gravel content,
slight odor

— v- - - No Recovery r
CLAY (<JH)

very soft, dark gray; slight shell content

- - - slight sand and shell content
3" x 30" Shelby Tube Pushed 18' to 20', 24'
Recovery, w = 126%. fines = 94%, LL = 147.
PI = 107
- - - slight sand and marsh grass content

-•- - w = 73%
CLAY (CH)
still, bluish-gray; slight sand content,
PP = 1.5

SLIGHTLY SILTY SAND (SP-SM)
medium dense, gray and bluish-gray, fine:
clay lenses

SAND (SP)
dense, gray, medium to coarse; trace
phosphate nodules

VERY CLAYEY SAND (SOCH)
loose, greenish-gray, fine: trace shell cor.:er.;

K ^ VERY SANDY CLAY (CH/SC)

EL
EV
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M
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-

-

-

-

-

-
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i

SA
M

PL
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N
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Y

PE

S-l
S-2

S-3

S-4

S-i '

UD

S-8'

S-9 <

S-10(

S-ll

S-12

S-13

1
jS-!-

1

NOTES: GUS-PECb
SAFETY H.VMMER.
12'. 4" BIT FROM 1.

! 1000. AUTOMATIC
12" BIT FROM 0' TC

J'T092'.

STANDARD PENETRATIO

0 !0

s

1

1

I

1

t

2(

X^

i

1 >

1 ;
" :

^J TEST DATA

) 30 60S

•

1

1
"

i
|
i
!•

1

i

i

LJ

3 Z

7

13

21

9

"2/18-

2/24-

woh

woh

woh

woh

12

27

«

0

i : i

/. BORING AND SAMPLING IS IN A CCORDANCE WITH .-.STM D-I5S6.
2. PENETRATION (N-VALUE) IS THE NUMBER OF BLOB'S OF 140 LB. HAMMER

FALLING 30 IN. REQUIRED TO DRIVE 1.4 IN. I.D. SAMPLER ! FT.

S & ME, INC.
810 LOW COUNTRY BOULEVARD
MT. PLEASANT. SOUTH CAROLINA
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PROJECT AQUARIUM PARKING GAR.AGE
CHARLESTON, SOUTH CAROLINA BORJGNG LOG GT-6

1131-97-290

DATE STARTED: S/13/97 DATE FINISHED: S/20/9"

DRILLING METHOD: MUD ROTARY

CASING LENGTH: 12" & 4"/15' & 57'

WATER LEVEL: WATER AT 2 FEET

D
EP
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60-

65-
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75 —
I

G
RA

PH
IC

I
••

\
'•

u

i

1
nn _

85-
";

90 —

-_
=

|

=:
i

DRILLER: RICH.AJU) SUMMONS

AT TIME OF DRJLLLN'G

MATERIAL DESCRIPTION

nnn, grstiusn-gray; suant snea comeni,
PP = 1.5

VERY STLTY SAND (SM/MH)
loose, dark gray, fine; some clay content,
slight shell hash

SANDY CLAY (CH/MH)
firm, dark bluish-gray; PP - 1.0

SELTYSAND(SM)
medium dense, dark bluish-gray, fine; slight
clay content

CLAY(CH)
rum, dark bluish-gray; si
sand lenses, PP = 1.0

ight sand content.

-J COOPER GROUP: SAM)Y SILT (MH)
•=TJ snff, olive; calcareous, PP = 1.75

1

ff
jti
\ - - - f i r m ; P P = 1.25
3
;

— -.---si iff ; PP = 1.25
BORING" TERMINATED"AT 92 hhhi
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(f
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H
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L
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SA
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N
O

/T
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PE

S-15

S-I6

S-17

S-18

S-I9

S-20

S-21

S-22

'

NOTES: GUS-PECH 1000, AlTOiNLVTIC
SAFETY HAMMER. 12" BIT FROM 0' TC
12'. 4" BIT FROM 15' TO 92'.

STANDARD PENETRATION TEST DATA
(blow n)

0 10 20 30 60 SO

t,

<

i

( i

i

{i

• ^

r
,

LJ
13

:>

6

7

8

17

7

12

S

10

1. BORING AND SAMPLING IS IN A CCORDANCE WfTH .-.STM D-1586.
2. PENETRATION (N-VALUE) IS THE NUMBER OF 3LO\\'S OF 140 LB. HAMMER

FALLING 30 IN. REQUIRED TO DRIVE 1.4 IN. I.D. S.-MPLER 1 FT.

S & ME. INC.
840 LOW COUNTRY BOULEVARD
MT. PLE.4SANT. SOUTH CAROLINA

Page 2 of 2



I
)I
I
I
I
II
I
I
i

i
i
i
i
i

•<?

i
i

FIELD TESTING PROCEDURES

Soil Classifications

Soil classifications provide a general guide to the engineering properties of various soil
types and enable the engineer to apply his past experience to current problems. In our
exploration, samples obtained during drilling operations are examined and visually
classified according to color, texture, and relative density or consistency (based on
standard penetration resistance). The consistency and relative density designations
are as follows:

SANDS
N(SPT)

0 - 4
5-10

11-30

| Relative Density
| Very Loose
| • Loose
| Medium Dense
I

31-50
50+

| Dense

SILTS AND CLAYS
N(SPT) | Consistency

• 0-2 Very Soft
3-4 | Soft
5 - 8

9-15
16-30

Firm
Stiff

Very Stiff
j Very Dense | 31-50 | Hard
I I 50+ Very Hard

Soil Test Borings

All boring and sampling operations were conducted in accordance with ASTM
Designation D-1586. Initially, the borings were advanced by either mechanically
augering or wash boring through the soils. Where necessary, a heavy drilling fluid is
used below the water table to stabilize the side and bottom of the drill hole. At regular
intervals soil samples were obtained with a standard 1.4-inch I.D., 2-inch O.D., split-
barrel sampler. The sampler was first seated 6 inches to penetrate any loose cuttings
and then driven an additional foot with blows of a 140 pound hammer falling 30 inches.
The number of hammer blows required to drive the sampler the final foot is designated
the "Standard Penetration Resistance". The penetration resistance, when properly
evaluated, is an index to the soil strength.

Undisturbed Sampling

The split-barrel samples obtained during the penetration testing are available for visual
examination and routine classification tests, but are not sufficiently intact for more
quantitative laboratory testing. Consequently, undisturbed samples were obtained by
forcing 30-inch long. 3-inch O.D. thin walled steel tube into the soil at the desired
sampling level. This sampling procedure is described by ASTM Specification D-1587.
After removing the sampler from the borehole, the ends are scraped to remove loose
soils and sealed -with microcrystalline wax. The undisturbed samples were then
returned to the laboratory for testing.



September 15. 1997 SOIL DATA SUMMARY
Aquarium Parking Garage

Job No. 1131-97-290
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CONSOLIDATION TEST REPORT
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Applied Pressure - ksf

20

i

50

Coefficients of Consolidation and Secondarv Consolidation

No.

1
2
3
4

6
7
8
9
10

Load
(ksf)
0.10
0.25
0.50
1.00

2.00
4.00
8.00

16.00
4.00

.00

(ft.2/day)
0.01
0.05
0.02
0.01
0.01
0.01
0.01
0.01
0.06
0.01

Natural
Sat. | Moist

c«
0.002
0.006
0.011
0.022
0.029
0.021
0.020
0.035

Dry Dens,
(pcf)

149.3%) 125.9%) 51.3

LL

47.1

No.

11

Load
(ksf)
0.10

PI

106.5

Sp.
Gr.

,°V(ft.2/day)
0.00

ca No. Load
(ksf)

-

Overburden Pc
(ksf) (ksf)

2.68 | | 0.66

Co

1.08

Cr

(ft.2/day)

Swell Press,
(ksf)

MATERIAL DESCRIPTION
-

Project No. 1131-97-290 Client:
Project: Aquarius Parking Gar-jet-

Source: Boring GT-6 Sample No.: 1 Elev^Depth: IS ft. to 20 f.
CONSOLIDATION TEST REPORT

S&ME, Inc.

Ca

Swell

uses

eo

2.261

AASHTO

Remarks:
9-. % Fusing =200 Sicvs

Figure 1



Dial Reading vs. Time
Project No.: 131-97-290
Project: Aquarium Parking Garage

Source: Boring GT-6 Sample No.: i Elev./Depth: is ft. to 20 f.
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Dial Reading vs. Time

S&ME, Inc. Figure 2



Dial Reading vs. Time

Project No.: 1131-97-290
Project: Aquarium Parking Garage

Source: Borina GT-6 Sample No.: i Elev./Deoth: is ft. to20 f .

.273

4.00 kjf

GV @ 26.10 min.'
0.01 ft.2/da*

.1 .2 .4

liil fl
si so 200 ioo 2000

Time (nm.)

Loaii=7

OH! ill'dw

i\
ni ><

! l

:C 20 JO
a=lca Time (mm)

Load sS .
16 00 LSI'

v,u. 11 .77 nun.*
o"')l I! --'div

\

1 2 S i

I II

I I
{ I
i !

=:l£«C .itne Irr.ml

i I I

i I i I ! I

Dial Reading vs. Time

S &ME, Inc. Fiaure 3



Dial Reading vs. Time

Project No.: 13 -97-290
Project: Aquarium Parking Garage

Source: Boring GT-6 Sample No.: i Elev./Depth: is ft. to 20 ".
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Dial Reading vs. Time

S & ME, F i g u r e d



Client:
1 Project: 'Aquari

Project Number:

jl

--{. Sample No. : 1
IElev. or Depth:

Location :
5 Description:
1 Liquid Limit: 1

USCS:
Testing Remarks

i
_ TOTAL SAMPLE
• Wet w+t = 30
™ " Dry w+t = . 13
: < , Tare Wt. =
• • Height = 1
B ~- Diameter = 2
.-, Weight = 149

I 1 Moisture = 125
Wet Den. = 115

• 1 Dry Den. = 51.

CONSOLIDATION

urr. Parkina Garace
1121-97-290

Sanrole

— ̂  /•

TEST DATA

•

L*a na

15 fu. to 20 i. . Sample Length (in. /en.): 1

47.1 Plasticity Index: 106.5
AASHTO: Figure No.: 1

: 94.1% Passing =200 Sieve

Test Specimen Data

BEFORE TEST AFTER TEST
.50 g. Consolidometer " = 1 Wet w+t = 188.16 g.
.50 g. ' Dry w+t = 155.68 g.
.00 g. Spec. Gravity =2.68 Tare Wt. = 109.75 g.
.00 in. Height = 1.00 in.
.50 in. Diameter = 2.50 in.
.35 g. Defl. Table = n/a

.9 % Ht. Solids = 0.3065 in. Moisture = 70.7 %

.9 pcf Dry Wt. = 66.11 g.* Dry Wt. = 45.93 g.
3 pcf Void Ratio = 2.251 Void Ratio = 0.973

Saturation = 149.3 %

i * Initial dry weight used in calculations

End-of-Load Summary

ii Pressure
(ksf)
start

1
i

1
i

1
T

1
£i

i
i

0
0
1
2
4
8

16
4
1
0

* =

-

.10

.25 -

.50

.00

.00

.00

.00

.00

.00

.00

.10

1.08

Final
Dial (in.)
0.
0-.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

D- c

00000
00650
02935
05760
14000
24410
34170
42730
4S220
46720
44590
29490

= C . 6 5

Machine
Defl. (in.

0
0
0
0
0
0
0
0
0
0
0

ksf

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

) (ft. 2 /day)

0.
0.
0.
0.
0.
0.
0.
0.
0.
0 .
0.

S & ME,

01
05
02
01
01
01
01
01
05
01
00

Inc .

0
0
0
0
0
0
0
0

.002

.006

.011

.022

.029

.021

.020

.035

Void
Ratio
2.261
2.240
2 . 155
2.041
1.805
1.455
1. 147
0 . 5 5 5
0.559
0.735
0.797
0.973

% Comoression
/Swell

0
2
6

14
24
34
42
43
45
44
39

.7
_ g
.8
.0
.4
. 2
.7
.2
. 7
c

• -

Comprs .
Comprs .
Comprs .
Comprs .
Comprs .
Comprs .
Comprs .
Comprs .
Conors .
Comprs .
Comprs .
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LABORATORY TESTING PROCEDURES

Moisture-Density Relationship (Modified Proctor) (ASTM D-1557)

Bulk samples of near surface soils were tested to determine moisture-density
characteristics by the "modified" method using a 10-lb. hammer and 18 inch drop. The
tests determine maximum dry density and optimum moisture content. Test results are
graphically presented in the form of dry density versus moisture content on the Compaction
Test sheets included in the Appendix.

Laboratory California Bearing Ratio (CBR) Tests (ASTM D-1883)

The California Bearing Ratio, usually abbreviated as CBR, is a punching shear test. The
CBR value is a semi-empirical index of the soil strength and deflection characteristics and
has been correlated with pavement performance to establish design curves for pavement
thickness. The test was performed on 6-inch diameter, 5-inch thick discs of compacted
soil, confined in a steel cylinder. The specimens were then soaked for 72 hours prior to
testing. A piston approximately 2-inches in diameter was then forced into the soils at a
standard rate to determine the resistance to penetration. The CBR is the ratio, expressed
as a percentage, of the actual load required to produce a 0.1 inch deflection to the load
required for the same deflection in a standard crushed stone sample. Tne results of the
CBR tests are given on the CBR Test sheets included in the Appendix.

Grain Size Tests (ASTM D-1140 and ASTM D-422)

Grain size tests were performed to determine the soil particle size distribution. The amount
of material finer than the #200 sieve was determined by washing the sample over that
particular size sieve. The grain size distribution of the soil retained on the £200 sieve was
then determined by passing the retained portion through a standard set of nested sieves.

Atterberg Limits Test (ASTM D-4318)

Atterberg Limits tests were performed to determine the soil plasticity characteristics. The
soil plasticity index (PI) is representative of this characteristic and is bracketed by the liquid
limit (LL) and the plastic limit (PL). The liquid limit is the moisture content at which the soil
will flow as a heavy viscous fluid. The plastic limit is the moisture content at which the soil
begins to lose its plasticity. The difference between the liquid limit and plastic limit is the
plasticity index. 4

Moisture Content Test (ASTM D-2216) .

Moisture content tests were conducted to determine the ratio, expressed as a percentage,
of the weight of water in a given amount of soil to the weight of the solid particles.



4" PVC cap

PVC coupling
as required

24" x 24" x /2"
metal plate

2" to 4" dia. PVC pipe

W to 1" dia. metal pipe

24" x 24" x 1/2"
metal plate

3/«" to 1" dia. metal riser pipe

2" to 4" dia. PVC pipe

Planned Surcharge Elevation

T
fill height
(varies)

Existing Ground Surface

Excavate, densify. place
settlement plate, and backfill
prior to placing 4" dia. PVC pipe

Job No: 1131-97-290

Date: 19 September 1997

Scale: N.T.S.

Settlement Plate Detail
Aquarium Parking Garage
Charleston, SoulhCarolina

Figure No

A-3


